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PREFACE. 



The events in a man's life and the progress of the steam- 
engine are so dissimilar, that the reader is soJIcited to 
pass with the writer over the numerous breaks in the 
thread of the story. The fi^ood Trevithick did in his 
genemtion is found in the extended use of steam-engines : 
in tracing their various forms in their applicability to 
numerous purposes, the labour of years has to be re- 
viewed, and each idea may be followed, from its first 
becoming a useful form to its perfect growth, and 
acceptance by the public as a good thing. 

The overflow of Trevithiclt's practical designs has 
caused a difficulty in fairly defining and estimating the 
facts bearing on each^of the particular kinds selected, 
as belonging to understood classes of the steam-engine ; 
while the great importance of his inventions caused 
many engineers t© labour on their improvement, both 
during and since his time. 

Engines originating or made commercially service- 
able by Trevithick are given as his, but other engi- 
neers may have a fair claim as improvers of the same, 
or of nearly similar inventions ; therefore, at the risk 
of wearying the reader, repetitions of evidence are 
given, that. If possible, a true knowledge may he 
formeil. 

The histiiry of the day-by-day lite of tjie man has 
been made subservient to that of the steam-engine : to 
partially restore this break, the reader is aj^ked to bear 
with the frequent introduction of dates. 

Trevithick'e correspondence du 
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vf liiti lif« with !■• wata/0 
written witb ifae fi tiiiui «f ■ 
tor moiDe c<d« penoa to wfaia im Ao^gfav ang^ be 
I »wle known, l o^jAu. milSk a i ii^fc Aaft ktter^KxA^ 
' tised only in his GonaA k^ie Ani^ fair or firv 
7«ara, eonrtitete A* giw— H »»i- of vr Uaksy. His 
pr»etic«lgpg ii ieBt«g «c^^ aaotr pafediuu in tfaar 
fint Bkovementi (Imb thoae of oAer iiii^iiiiiB. u>d the 
after meceet aod eminence of iiny woo in early life 
wnuiliii iiiiiifcini, mwmIiiiIii, iiiifTiilrmn iiiif lii i In ini,lli 
of character. 

Very little has been writtrai of Trevithick, tfaoogh 
Mr. liichard Edmonds, the late Lord Broogrhatn, Sir 
Edward Watldn. Mr. Eovs, Mr. Bennet TVoodcroft, 
Mr. Hyde Clarke, Professor Pole, and others, have 
published outlines, or have collected information ; and 
though they may not have succeeded in makiog him 
fully known, their labours have leseened mine. 

To the Hon. Mre, Gilljert I am indebted for the 
numoniUH letters written to Mr. Davies Gilbert ; and 
among many wlio asiisted Trevithick by friendly acts, 
I ohservo mention in his papers of Mills, Gittens, 
"Wyatt, IJanfield, Potter, and the Dartford mechanics. 



Francis Trevithick. 
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ZNGINES. 

DrRiNO many centuries 
the wants of the mininf; 
interests of Cornwall 
led to improvements in 
pumping machinery. 

The ancient tin 
streamer in the Cornish 
valleys used the fall of 
the running stream to 
separate the grains of 
tin from a mass of sand 
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course, and successive minert;, workiug a lower strata, 
were obliged to um puraps or other means for removing 
water from their excavatione. Adits were driven from 
the lowest convenient surface level, to assiet in drain- 
ing the workings. Every day added to the depth, and 
called for improved machinery. 

The open laimder of the tin streamer had been con- 
verted into a close launder or pipe, having a square 
leather bag, attached to a long wooden handle, serving 
as a bucket in the primitive hand-pump, but increat^ed 
depths overtaxed the strength of the square-sided pump, 
and cylindrical wooden pumps were made, hound by 
iron bands. The rag and chain pump then cRme into 
use, being a revolving or endless chain, moving up- 
wards thj'ough the pump, having at every two or 
three feet of its length a piston made of a ball of rags 
bound together, or of wood edged with cloth or. leather, 
for up to this time valves had not been used. 

The observed fact that water would rise to a certain 
height in a pump, following a well-constructed piston, 
suggested the use of a bottom or stop valve, preventing 
the descent of the water, and also the use of a valve 
in the piston or bucket. In 1663 the Marquis of Wor- 
cester applied steam to force water up a pipe ; other 
inventive men varied the methods and even constructed 
model stiiam-engincK, but failed to help the working 
miner. 

The ever-increasing deptli and size of the pmnps 
required the power of water-wheels and horse-whims 
until about the year 1702 Savery is said to have erected 
the first steam pumping-engine in Cornwall, of which 
ho wrote thus in the ' Miner's Friend ' : — 

" I have known in Cornwall a work witli three lifts 
of al:>out IS feet each, lift and carry a 3^-inch bore; 
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that cost Ibrty-two shillings a day, I dare undertake 
that my engine shall raise you as much water for eight- 
pence as will cost you a shilling to raise the like with 
your old engines in coal pits." 

Savery*8 boiler was of cast iron. A A'acuum was 
formed in a receiver by admitting steam to drive out 
air, and then condensing this steam by pouring cold 
water on the outer surface of the receiver, caused the 
water in the shaft to rise by tbe weight of the atmo- 
sphere into the void in the receiver; a valve prevented 
its return, while another valve opened a passage to the 
upcast pipe from the receiver towards the surface of 
the mine; a supply of steam again passed from the 
boiler to the receiver, forcing the CQntained water 
upwards through the pijies. Tbe only moving parts 
of the machine were the valves. 

This engine illustrated three leading principles of 
the modern steam-engine, — the use of steam to expel 
the atmosphere, its condensation by cold forming a 
vacuum, and the more direct use of steam as a strongly 
expansive manageable agent. 

Savery's engine, requiring to he fixed near the bottom 
I of the shaft, or within 30 feet of the level of the water 
to be raised, never came into genera! use, and absence 
' of moving parts made it niisuitable for any other 
I purpose th:m the raising of water, and even for that 
[ there are not many traces of its practical application. 

In 1705 Newcomen, from Devonshire, combining the 
[ideas of others with his owu great mechanical genius, 
^ constructed, or it may fairly lie said, invented the means 
I of giving motion to a beam by using a cylinder and 
[ piston. The steam pressure in the boiler was 1 or 
[ 2 lbs. on the square inch above the pressure of tlie 
[ atmosphere, sufficient to drive the air out of the cylin- 

B 2 
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der and prepare it for the vacuum. This was known 
as the " Atmospheric Engine," its power being measured 
by the weight of the atmosphere on a pisttin, whose 
under mde was in vacuum. 

In 1712 siich an engine waa erected at Griffin War- 
wicksliire which raised a load equal to lU or 11 llis. on 
each square inch of the piston. Others followed, and 
many improvements were made. The first steam- 
cylinder was about 23 inches in diameter. 

In 1720 Newcomen erected at Ludgvan-lez, in Corn- 
wall, a pumping engine with a cylinder of 47 incliew 
in diameter, working at the rate of fifteen strokes a 
minute. 

The best working engine in Cornwall in 1741) was 
at the Pool Mine, interestingly described by Borlase : ' — 

"The moat powerful as well as cunstaat engine hitherto in- 
veuted ie the fire-engine. 

" Tliia engine ia now well known to the learned ; bnt as their 
books do not reach everywhere, and this niacliine is especially 
serviceable for the working of deep mines, and of great sdvnn- 
tage to the public revenue, a gonerat explanation of its princijtal 
parls, its powers, and profit to tlie Government, may not be im- 
proper. The principal members of this engine are exliibited iu 
the engraving annexed ; the cistern or boiler T, the cyhnder P, imd 
tlie bob 1, turning on an axis whieii rests in the middle of the 
wall Y. The following is the procesa of its several operatioos : — 
The cistern T, full of boiling water, suppHes steam (by means of 
an upright tube and valve which shiita and opens) to fill the 
hollow cylinder P, and expel the air through a horizontal tube S, 
placed at iU bottom. As the ateam rises, the piston, which plays 
up and down in the cylinder, rises, and when it is got near the 
top opens a clack, by which cold water is injected, and condenses 
the vapour into nearly the twelve thousandth space whii-h it 



' See BorlBaa's ' NAtuntl History uf Cornwall,' jml,. 1758. 
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bufure occupied, and tlie cylinder being tben nearly empty tlie 
piston of iron edged with tow an 1 covured with water (to prevent 
any air from above getting into tbe cylinder), is driven down 
by the pressure of the atmosphere (with the force uf about 
17 Ibf, on every square superficial inch) nearly to tbts Iwttoni 




L UM tetlom i L, end of bilAHV-bob. 
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of the cylinder; at this instant it opens the Talve which lets 
in the steam &om the boiler T, and then the piston ascends 
till it opens the condensing clack above, which briugB it down 
again to open the under clack and admit the steam, and thus 
continues ascending and descending as long as the managers 
think proper ; this process is quick or otherwise, as the steam ia 
by increase or subtraction of fire made more or less violent, to 
drive the engine faster or slower. To this piston the end of the 
bob is fastened by an iron chain, and aa the piston descends 
in the cylinder P this end of the bob is drawn downwards, and 
vice versa. As the end is drawn down, the other end of the 
bob I a9t'«ida, and by a chain I K draws up with it, from an 
ii-on or brass cylindrical tube, called a pit-barrel, through a tyre 
of wooden pumps, a column of water out of the mine equal in 
diameter to the bore of that tube, and in height to each stroke 
or motion of the piston in the cylinder P, and the sweep of the 
bob IK. Many improvements have lately been added to this 
oscellent piece of mechanism, among which I cannot but mention 
one in particular, which ia, that as this engine stood formerly, 
if the firemen chanced to nod, the violence of the motion in- 
creasing with the fire, the weighty bob I beat, shocked, and 
endangered the whole machine, and the fabric it ia enclosed 
in; but now, when the fire ie at the extreme height, and the 
bob begins to beat and strike the springs, it lets fall a tri^er 
into a notch and stops the injection-cock, and the whole move- 
ment is stopped till the injection of the cold water into the 
cylinder is restored ; so that this engine is now brought to sach 
perfection that in a great measure it tends, regulates, frees, and 
checks itself. Several subordinate members, wires, clacks, and 
valves are all moved, opened, and shut by the force of the steam 
and the motion of the piston ; inasmuch as that by enlarging 
the cylinder and other parts in proportion, few Cornish mines 
are subject to more water than this engine will master. Its 
power ia in proportion to the diameter of the cylinder princi- 
pally, the strength of the steam, and the depth it draws. This 
is the fire-engine which in the year 1746 belonged to the Pool 
Mine and the cylinder's diameter irom the outer edge waa 
but 3 feet ; but they make them much larger now, and it is 
imagined that if they were still to increase the diameter of the 
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cylinder and make it also sliorter than they do now, the force 
would be augmeated, and though the column of water exhausted 
would bo shorter, yet might this be well remedied by inrreasing 
the number of tubes, which the greater pressure on the piston 
would easily manage. A cylinder of 47 inches bore at Ludgvan- 
lez-work, in the parish of Ludgvau, making about fifteen atrokes 
in a minuto, usually drew tlirough pit-barrels of 15 inches 
diameter, from a pump 30 fathoms deep. The cylinder at 
Herland (or Drednack) Mine, in tlie parish of Gwinear, is 
70 inches in diameter, and will draw a greater stream of 
water at nny equal depth, in proportion to the square of its 
diameter. 

"The only objections to this engine are the great expenses 
in erecting and vast consumption of coais in working it. To 
obviate these expenses several mettjods have been suggested of 
increasing the elasticity of tlio steam and reducing the size of 
the boiler, which can be decided only by experience, and to that 
we mnst refer them." 

The cylinder, 3f) inches in diameter, rested on a large 
slab of stone, which seems to have served as the top of 
the steam-boiler. A hole cut in the stone, having a 
valve in it, was the steam-pipe. The piston was packed" 
with tow ; a layer of water on its top prevented leak- 
age of air or steam. A piston-rod and chain connected 
the piston with the arched head of the wood beam. The 
steam pressure was 1 or 2 lbs. un the square inch above 
the pressure of the atmosphere, and the valves were 
self-acting, enabling the engine to make fifteen strokes 
a minute. If the euglncman fell asleep and the steam 
becoming stronger made the engine work too rapidly, 
the self-acting gear, by shutting off the injection, caused 
the engrine to cease working. 

The l>oiler is not particularly described, but the 
drawing represents a large caldron or pot of metal 
with a hollowed bottom, under which the fire was 
placed and circulated through mason-work flues around 
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the ddeB. The top of the boiler, being nearly flat, 
was its weakest part, and was Ktrengthened by a stone 
cover, or poBsibly this stone cover, in the earlier engines, 
formed t>ie boiler-top. 

In ITflfi, several were at work; about a dozen are 
specified ; one of them at the llorlaud Mine having a 
cylinder of 70 inches in diameter. 

The only objection to the engine is the cost of the 
coal. To lessen ttiis, several methods had been sug- 
gested for increasing the elasticity of the steam, and 
reducing the size of the boiler. 

Such were the Newcomen atmospheric open-top 
cylinder steam-engines, among which Trevitluck, sen., 
lived, depending maiuly on the vacuum and weight 
of the atmosphere for their power, but yet having 
cuused tlie discovery that an increased pressure of steam 
in the boiler added to the speed and power of the 
engine, they only needed an inventor who should 
design a smaller and ftronger boiler, to give steam 
of greater elastic force. 

This Pool Mine, now called North Wheal Crofty, 
adjoined Dulcoath Mine, and was within half a mile 
of the house in which Richard Trevithick, sen., lived, 
then a boy eleven years of age. It is more than likely 
that in early maniiood he exercised an authority over 
it, for shortly after that j)eriod, in 17()5, he was the 
manager of Dolcoath, and resided just midway between 
tin: two mines, both of which were worked under the 
Dedunstanville interast for which Trevithick was the 
agent. In I74t! the Cornish pumping engine worked 
fifteen strokes a minute, and was so under control 
from its well-contrived gear and valve work, that the 
engine regulated it:* own movt-ments, and its power 
wa-s onlv liiiiitL'd I>v llic diameter of the cylinder and 
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tlie streiigth of the steam. lu 1758 Borlase wrote: — 
*' Several methods liave been suggested for increasing 
tlie elasticity of t)ie Bteam, and reducing the size of 
the boiler, which can be decided only by experience, 
iind to that we must refer them." And we shall find 
that shortly after that period Richard Trevithick, sen,, 
took the first step in overcoming the difficulty. 

In 1830 the writer saw at the Weith in Canibonie 
a floor about 12 feet square of blocks of granite, known 
as the old Moor-stone boiler, and conversed with several 
old men, who, when boys, played in it, when it had 
sides or walls three or tour feet high of blocks of 
gianite. 

Captain Joseph Vivian recollected hearing, when a 
boy, his uncles Simon and John Vivian talk of having 
taken a contract to break up tins boiler, and cut out the 
copper pipes in the inside. 

Mr. C. E. Edwiirds, a smith at Perran, near Mara- 
zion, lias the screw-plate and taps used in constructing 
a granite boiler for Gwallon Mine, near the present 
Wheal Prosper. 

His great-grandfather, Edwards, was a smith in 
Lmlgvau-lez when Newcomen put his great engine 
there, about 1720. His grandfather was married in 
1764, and set np the smith's shop C. E. Edwards 
still works in, bringing as a marriage present those 
old tjvps and screw-plate, said to be the first used in 
tWnwall. When a boy he often heard his grand- 
father talk of the old smiths who failed to clamp 
together by lambs' tails' the blocks of granite forming 
the boiler at the Gwallon Mine ; and one of these smiths 
said, go over to Edwards at Ludgvan-lez, he can make 
wcrews that will draw tlietn up beautiful. 

' lkHi.U ..r irnn li-;liU'ji<-.i l.y culliTs in lieu ..f k.Un, 
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GwaDon ICioe was lev tlon a mile from Newoomen^s 
' earljr engine at LndgT»>4es. 

Jaines Banfield, tor aanj years the principal anJth 
in the engineerii^ works of Harver and Co^ at ^rle, 
nys:~-''In 1813 I was rivet-boy at the making of' 
Captain Trevithick'e high-pressure famWs at Mellinear 
Mine. The largest boiler-plates then to be had in 
Cornwall were 3 feet by 1 foot. My &tber eerred his 
apprenticeship in 1784 with ancle Jan Hosking, a 
famotu smith, on Long-stone Downs in Lelant pari^. 
Father has often told me how the work used to be 
made when he was a young man. The only wrought 
iron tiiey could get was Spanish bar, 2 inches square, 
hammered thin in the middle ttiat it might be bent 
for the convenience of carriage. It was red-short iron 
difficult to work ; and Swedish or Danish bar, said to 
cftme from Siberia, 3;J inches wide, and gths of an inch 
thick. Wliatever was wanted in the mine had to be 
made with such bars." 

In 1746, the only wrought iron of commerce in 
Cornwall being small bars, to make a wrought-iron 
boiler was a difficult and almost hopeless undertaking. 

Small boiler-plates and boilers were made in Stafford- 
shire or Shropshire; but the Cornish roads did not 
admit of tlie easy conveyance of heavy weights. For 
fifty years after the erection of these early engines, the 
coal and mineral from the ports and mines were con- 
veyed on mules, the roads being unsuitable for wheel 
<uirriagos. 

The traditions relating to granite boilers may not 
absohitely lead to the conclusion of their use ; but the 
many diflicullies in procuring a good boiler are evident, 
liorlasu's drawing shows a close intimacy of boiler and 
Htonowork ; the stoiiui-pipe leading from the top of the 
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boiler into the bottom of the cylinder being merely a 
hole In the large stone resting on the top of the boiler, 
on which the cylinder was supported. 

The drawing, coupled with tradition, implies, almost 
to a certainty, the use of granite in the construction of 
early steam-engine boilers ; and the cutting out of copper 
pipes from a boiler during the childhood of a person 
still living, seems to prove that even in those early 
days we had tubular boilers; for in the granite boiler 
it is impossible to imagine any other way of getting 
up steam than by some internal fire-place, as suggested 
by those tubes. Such is the history of the steam pump- 
ing engine in Cornwall up to 1758, enabling the miner 
to follow to a greater depth the glittering tin, sparkling 
in its bed of hard rock, from which its minute pin-point 
particles were separated by stamping the lode-stone 
into sand, and washing it in a gentle stream, on the 
higher portion of which the heavier tin settled, while 
the lighter refuse went with the stream, except in the 
chance eddies and hollows where again the greater 
gravity of the particles of tin settled them at the 
bottom, while the waste earth still floated away, on 
and on to the sea. 

" If the ore be very full of clanimy elime, it is turned from 
tlie area C into u pit near by, called a buddle, L I, to make it 
stamp the freer without clioking the grates, and brought back 
to C. If the ore is not slimy, it is ehovelled forward from C 
into a sloping channel of timber E, called the pass, from whence 
it slides by its own weight ami the assistance of a small rill of 
water, D, into the box at Y ; then by the liftors ahc. falling on 
it after being raised by the axletrce d, which ia turned round by 
the water-wheel B, it is pounded or stamped small ; to make 
the liftera more lasting, and fall upon the ore with the greater 
force, they are armed at the bottom with lai^ masses of iron 
of 140 lbs. weight each, ciUled stamp-heads; and to assist the 
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[ Bttrition, tlie rill of v 

the pliimp-beads cnol, till the ore in tlie box Y is pulverized, and 
[ BmiiU enough to pass through the holes of an iron giate at Y. 
I The grat© is a thiu plate of iron, no more than Vn'h of an inch 
I thick, 1 foot square, fnll of Bmall holes puncheil in it about 
' the bigness of a modemto pin, not always of the snine diameter, 
hut as the different size of the tin granules re<]uires; fur the 
larger the ciystala enclosing the metals are, the larger must be 
the holes, and vice versa, so that in suiting the grate to llie nature 
of the tin, the skill of the dresser a[ipear8. From this grato the 
' tin is carried by a smaller gutter e, into the fore pit F, where it 
I makes its first and purest settlement, the lighter parts running 
I forwards with the water through holes made in the partition/, 
into the middle pit A (much of the same shape and size as the 
fore pit), and thence into the third pit H : what settles in A and 
H is called the slimes, and what ruiis oil' from them is good for 
iiothing. The fore pit F, as soou us full is emptied, and the con- 
tents carried to the huddle I, a pit 7 feet long, 3 wide, and 
2 deep ; the dresser standing in the buddle at I, spreads the pul- 
verized ore at K, called the head of the huddle, in small ridges 
parallel to the run of the water which enters the buddle at L, 
and falling equally over the cross-bar M, washes the slime from 
the ridges (which are movetl to and fro with a shovel) till the 
water, pemiealing every part, washes down the whole into the 
, buddle 1 : whilst the drenser's hands are employed in stirring the 
ridges at K, he keeps his foot going always, and moves the ore 
to and fro so as the water may have full power to wash and 
cleanse it from its impurities; the buddle (ills, and the tin is 
' sorted into three divisions ; tiiat next the head, at ff, is the purest ; 
the middle, at h, is next in degree; that at i most impure of the 
I three; and eacli of these divisions goes through a different pro- 
cess. The fore part at A is taken out first, and carried to a large 
tub N, called the heeve; there immeraed in water, it is moved 
round with a shovel for a quarter of an hour, by which means 
Uie impurities rise from the ore, and become suspended in the 
water ; the tin ore is then sifted in a sieve purjiosely constructed, 
and if it needs, must be sent to be huddled again, then returned 
to the kecve and worked as belbre with a shovel, which they call 
tozing the tin; the keeve is thru facheil, that is, beat with a 
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hammer or mallet on the sides, that the ore within may shift and 
shake off the waste, and settle the purer to the bottom. The 
foul water then ou the top of the keeve is poured off, and the 
Bordes which setlles above the tin is Bkinimed off, and what I'e- 
mains is pure enough to be sent to the melting house, and is 
then called black tin. 

" The waste skimmed off is carefully laid by to undergo an- 
other washing: whilst the fore part of the buddle I is thus 
manufai'turing at the keeve, another hand is moving forth that 
part of the buddle k in the same manner as ff was before ; and 
in its turn that, and the Bettlemetit at t, is promoted to the 
keeve, and thus what is deposited in the fore pit F, is bronffkt 
about, as the tinners term it, that is, undergoes all the necessary 
lotions. 

" What runs off from F into G and H must be dealt with in 
another manner. The contents of those pita consist of the small 
and lighter parts of the ore, and are intimately mixed with a 
greater quantity of earth and atone bruised to dust by the mill. 
These are called the dimes, and are carried to the trunk to 
be again reworked."^ 

The Bame principles remain in operation even to the 
present day, but the work of tlie man's foot Is perfoiined 
by the more effective raoveinenta from the steam-engine, 
and the p!ane surface of the old buddle has generally 
given place to a circular buddle, the tin stuff taking the 
form of a flat conical mound, tlie heavy particles of tin 
remaining near the centre, while the lighter particles 
are carried by a film of running water toward the 
circumference of the mound ; revolving arms having 
bits of rag or brushes attached slightly disturb the 
surface of the tin stuff, inducing by the running water 
the constant change of position of the particles, the 
lighter or refuse portions being washed farthest from 
the centre of the mound. 

Not only does Borlase give explicit detail on the mine 

' Biirlnse's ' Nnturul History cf Coniiva)!,' pub, 1758. 



EARLY CORNIRH ENGINES. 15 

mechanism of his day, hut also indirectly shows when 
Corniah streams were first poisoned by mineral water. 
" About fifty years since there were plenty of fine trout 
in the river Conar in Gwytbian'" — this would be about 
1 708 ; it now sweeps to the sea yearly many thousands 
of tons of sand from the tin stamps, and from its colour 
is called tbe red river; no fish swim in it, though about 
1820 tbe writer caujrbt trout in a tributary stream, from 
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to James Cleorge, tailor, went into llie river as iisnaJ 
and (Iniiking lieartily of tlie water (a very strong 
mundic), upon their return to tbe bank nine of them 
lay down immediately and died."' The water fatal to 
the tliirsty geese came from Ludgvan-Iez copper mine; 
it is now a red stream from tin mines where geese may 
wifely seek for grains of tin, readily taking a taste when 
passing a heap of craze, or tin ore and sand, to allay 
the cravings of the gizzard. The writer believes but 
three geese recoveied I'rom the Crowliss flock. Cattle 
are apt to prefer tliis mine water, but it gives a rough 
coat and soraetimes causes death. Large quantities of 
arsenic are taken frdm the fines of tin-calcining fur- 
naces: in 18G8 a field of apparently well-grown oats 
ripe for the sickle was valneleaa, from the absence of 
grain in the pods, caused by arsenicjil smoke fTOm Stray 
Park Mine, while the straw was unfit even for bedding 
for cattle, bocauee they might eat it ; cabbages in an 
adjoining field were uninjured, the uUHiorons little flakes 
of white ars^enic resting on them could be washed off; 
a grass field near by was utterly untrustworthy, but 
jiotatoes thrived well and were said to be comparatively- 
free from disease. The smoking cbinmey in Cook's 
Kitclien" is attached to one of these calciners: on 
going into the flues when the workman was shovelling 
the arsenic from their t^ides and bottom into a barrow, 
the writer breathed a palpable atmosphere of ai-senic; on 
coming out the man took a pasty from a bench, having 
a suspiciously thick layer of arsenic on it; brushing off 
with hia hand the superfluous poison, he dined heartily. 
A heap of arsenic of several tons lay by the furnace at 
the road-side, to be prepared for commercial wants. 
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RICHJiKD TKEVTTHIOK, SEN. 

Gilbert, in bis ' Survey of Cornwall,' says : — 

" The name of Trevithick is certainly of great autiquKy in 
tbe county of CornwiiU, and the family is supposed to Lave been 
resident at Treviniider for many descents before the seteuteeuth 
century, 

" A inonumont in St Eval Church, to the memory of the 
Rev. William Trevithick, in 1692, and one mth tbo impalement 
of tbe arras of Leach and Trevithick, in 1C72 ; and several places 
or properties in that neighbourhood called Trevithick, point to 
their Curnisb origin. Arms — Argent, a unicorn rampant. 

" Anne Trevithick, the sole heiress of William Trevithick, of 
Trevimider, married Francis Leach Llewellan, Sheriff of Corn- 
wall, in 1740. The arms of Llewellan seem to denote their 
descent from tbe ancient Princes of Wales. 

" Trevithick, formerly a seat of the Arnndolls ; and Trevi- 
\ thick, formerly a seat of the Polomounters. 

" Trelissicfc, formerly a seat of the Trcmaynee. Tlie liouse 
' appears to have been built by the Hookers, and in the glass of 
the windows arc preserved tbe family arms, with the letters 
\ J. V. H. Trevithick." 

The 'Parochial History of Cornwall ' says of tlie St. 
I Eval monument to Trevitliick :— 

"In remembrance of William Trevithick, of TrevimidiT, in 
St. Eval, Gent., who died the 3rd day of Nov., 1731, aged 52. 

" ' Farewell kini! fritucla, 

Faruwell deur witc and briitlicr ; 
Peoct' he your (■nils, 
Uiiilcil to aic li other.' " 



o RICHABD TRBVrraiCK, SEN. 

Polwbeles* * Hiatorv of Cornwall ' has tlie follow- 



"I luiTe fiist to remark that Al^ed devised Comwall to his 
eldeet 8oa Edward, and tfaat he devised it nnder the name of 
Trifionahire. 

"The natirea that occar as men of pn^rty, or vho probably 
lield lands here before the Cooqnest, have beea distinguished bj 
Carew onder the af^llatioiu of Tre, Pol, and Pen, and it seeme 
worthy of remark that as representatiTee trf Tre and Pol, if not 
of Pen, there exLst several families, who hare poeeessed lands 
from all antiquity. 

* Bj Tre, Put, ami Pen, j-im tihall km-v Ifar (.ivnishnfR. 

In olden time property and birth gnve power ond 
inflnence to the family of Trevithick. Histoiy traces 
the last male Trevithicb, of Trevimider, down to 1731 ; 
and shortly after his death, his daaghter and sole heiress 
married Francis Leach Llewellan, who lielieved himself 
a descendant of the Princes of Wales. Some poor 
branch of the male line survived unnoticed, for 
Richard Trevithick, sen., was bom in 1735. He is 
said to have walked a day's journey to make the 
acqnaintance of one known by his almost obeolete 
name ; but little trace remains of where he was bom 
or how he was brought up, though the writer has 
tilked with those who knew him well in his old age, 
and who spoke of him with respect, as of one above 
his fellows. 

The writer's first reliable evidence of his acts is from 
his old account-books, some of which, after his death, 
were fortunately retained by liis sou, that their unfilled 
leaves) might serve for his rough draft letters. Three 
of these books still remain, showing that when thirty 
years of age, Richard Trevithick, sen., was the manager 
of the leading mines in Cornwall: Dolcoath Mine, the 
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oldest, richest, and most famous in Cornish history, 
being at that time his head-quarters, wliile his place of 
residence was in Illogan parish, midway between the 
mine and Gain Brea Hill. 

How long he had filled the position of leading man 
in Cornisli mines, prior to tlie dates in the writer's pos- 
session, is an unanswered question — certainly for t^everal 
years, for to be manager of the great Dolcoath at the 
age of thirty implies unusuaJ ability ; but to lie at tlie 
same time manager of several other of the leading 
mines, proves tliat at that early age he was a man of 
eminent practical experience. Borlase thus speaks of 
Cornish mining when Trevithick, sen., was a child in 
1738 : — "All these are easily performed wlien the work- 
ings are near the surface ; but the difficulty increases 
with the depth, and skill and care become still more and 
more necessary ; and, indeed, all the mechanical powers, 
the most forcible engines, and the iitmost sagacity of 
the chief miner, are often too little and vain when the 
"workings are deep and many." 

In the year 1760 Richard Trevithick, sen,, when 
twenty- five years old, married Miss Anne Teague, 
whose family were mine managers in the Redruth 
district ; their forefathers were said to have l>een driven 
from Ireland during a rebellion. Richard Trevithick, 
sen,, and his wife, their four daughters, and one son, 
averaged 5 feet 11 inches in height. 

In 17f)D he was the raauiiger of Dolcoath Mine, and 
constructed " the deep adit," n. work of difficulty and 
importance in those days, still serving as the lowest 
practical drain for numerous mines, and reducing the 
adit level for the exit mine-water by 60 or 70 feet, 

Arthur and John Woolf were in his pay ; the father 
and uncle of Arthur Wnolf ttie weli-kuown engineer, 
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am) of his brother who mntinied on boani the fleet at 
ti>c Kore, tiijJer an assumed itame. 

The Dolcoath Miue at that time □se't two atmospheric 
sleatn pumping en^nes, the water from which, on its 
way to the lower level of the new adit, W its passage 
over two water-wheels with cranks on their axle» 
attached to beams, worked pomps. 






TIh' iiiiiioral from the mine was raised by horse- 
MliiiitH, mill wiitor was olovatt'd l\v the same means in 
biirkolw 111' ItibliaU from the shallow levels, showing that 
lliii nltiiim |iiiiiipiiifrr nppitrntiis had not driven the horse 
(piiln out (>(■ thf lii>Id in ITti.'i, nor had the pum|>-barrel 
riiliiidy Hii|HirM.HltHl l\w original tub. 
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The merciful care in supplying wholesome air to the 
underground miner, exercised by Richard Trevithick 
(I hundred years ago, is how enforced by the strong 
arm of the law. Those who aimed out the detail in 
sending air into the mine by the power of the steam- 
engine, were the fathers of the men who, in after 
years, prominently helped in the detail manufacture of 
the first locomotive. 

In Trevithiek's accounts of 1765 is t!ie following 
entry ; — 

"To Williutn Jeffry auJ partner for driving north from 
Bullan Garden (a part of Dolcoath) fire-engine shaft, 

" To clearing and timbering from the western end of Tonkin's 
Ground to the western water-engine shaft. 

" To bringing air from the little engine to the ends. 

"To winding kibbak (of water or stuff), at Ctil. per humhT'd 
kihbals." 

The notable re-erection by Richard Trevithick, sen., of 
the old Carloose engine, just liefore AVatt's first engine 
in Cornwall, forms an era in the history of the steam- 
engine. The following extract from his accouut^book, 
clusing in 1775, gives the items of chief interest : — 

" Dolcoath New Eshisb Cost Account. „ . 

CarlooBe adrentimrrs, for mnterinlB 414 I'i 3 

John Commiwi, for boilor-top, &c 93 8 !l 

John Jones and Co. (Briatol), for iron pumpa .. .. 118 6 10 

Dale company, for iron piinipa 131 9 4 

Hf . Budge, for erecting the engiuo 63 

Curriape of the boiler, cylinder, &c., from Carloose,) sn « n 

ineluiiing attendance, &c., &c J 

Arthur Woolf, per month 1 11 i 

John Harvey and ]nirtners, for putting in the boiler and I gi i « 

bnilding the shod-walls, &c [ ' 

To now ironwork, as per account 187 lit 4 

To timber lioardH, Ac, as iior acmunt 2,';5 10 10" 

This worn-out Carloose engine, liought for 414/. 12,i. 3rf., 
had lieen one of Neweonien's early erections, of perhaps 
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forty or fil'ty years before, but in 1775 the gear and 
valves were improved and made self-acting, and it 
became a new engine, witli the exception of a few krge 
parts, such as cylinder, large lx)b, &c., and was named 
Dolcoath New Engine. 

The greatest improvement, however, was Trevithick's 
new semicircular boiler - top, which, at a cost of 
J)3/. 8s. Orf., took the place of the original flat top, 
weighted down by slabs of granite. The cylindrical 
sides, and indented or ctirved bottom, of the Nevv- 
comeu boilers gave strength to those parts; but its flat 
wetik top [jrevented the use of steam of a higher 
pressure. Newcomeu's steam-boilers were simply tlie 
onlinary household boilers used in cooking, on an 
enlarged scale, with the lid or top weighted down, to 
enable them to retain steam of one, oi' from that to two 
poimds on the square inch. Richard Trevithick, sen., 
removed the objectionable fiat top ; every jjart was 
made more or less circular, giving uniform and greater 
strength. The increased pressure of steam in the 
stronger boiler, by only a pound or two on the inch, 
materially increased the effective force of the euglue, 
and practically pointed out the true source of the 
further increase in the power and usefulness of 
steam. 

A story of Trevithick, sen., when at Bristol order- 
ing east-iron work for this engine, is still told by 
(^aptain Joseph Vivian. 

" When dining at the inn the waiter remained in the 
room after the dinner had been placed on the table. 
Trevithick not wanting hira,8aid, ' What are you doing 
here ? ' ' Oh, sir ! it is my business to wait upon you, 
sir!' 'Well, but I do not want you here; peeping 
Tipon every hit I put in my mouth. Will you he off 
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now ? ' 'Oh no, sir, I am ordered to remain ! ' ' Yoti 
■won't be off, won't you ? We'll soon eee then ! ' and 
striding towards the waiter with an evident inclination 
to shake him, he drove him out." 

Trevithiek, sen., also went to Coalbrookdale, which 

. supplied much of the cast-iron work for the manu- 

f facture of the early steam-engines, for the art of 

easting pumps was not then known in Cornwall. The 

John Harvey who worked to fix the improved boiler 

in its house was then a country smith, at Carnhell 

I Green, a small village a few miles from Dolcoath. He 

having discovered how to cast iron pipes, established 

tlie now famous Harvey and Co.'s engineering foundry 

at Hayle. 

The improvement and re-^rection of this engine by 
, Trevithiek, sen., was an important event. Fifty-five 
[ years had passed since Newcomeu had worked hia first 
I Cornish pumping engines. The Carloo.se engine was 
V one of them ; and having done its share of work, old 
I age and growing improvements had caused it to be set 
L-aside by the Carloose adventurers ; the manager of 
1 Dolcoath Mine, however, determined to give a new hfe 
I to this discarded engine. When re-erected in its im- 
Iproved form it cost 2040/. A man then earned from 
lis. to Is. 6d. a day. With the present rate of wages 
he engine would liave cost 6000^ or 7000^. It was, 
therefore, of great importance in tliose rude times, and 
■in its new form was esteemed as the most perfect steam- 
lengine in Cornwall. 

Mr. Budge was the working engineer erecting it. 
IThe cylinder was removed from its objectionable seat 
Ion the granite-boiler top, and placed on cross beams 
■from wall to wall of the engine-house ; thus avoiding 
|the jar of the steam -cylinder, resting on the weak 



boiler luid masanrr, iriiidi bad been a sooroe of troable 
io iLe eaxlv Sevtsatoesti. 

Tiie ■wToogrLl-iron and ibe timber woii were prepared 
ia the mine, Anbtir Wooli^ sbq., wtniii^ on it as mirio 
c&r}«iiter at 1«. ltd. a day. 

T^is 434iicb «paa4ap cflindtf engine, erected 
TrevitliK^ SOL, 18 flfaowa aad deaaibed by Prjoe. 

" Mr. N«-wca«B«i uid Mr. J. Ckvley raotriTed atiother way to 
raise vuer hy fire, «ltt:-re liit steun to nise Uie water from the 
g^rtM^it defdln vi mines is not repaired to be gmter ihan the 
■tmoififaetc ; andd»i« AeamcCne of the present fire-eagine, 
vUcfa n nov of aboat SBvea^ yean* st w i w iin g. 

* B ia a large bcder, lAteat ■water, br lite fire under it, is 
converted iata aa elaaic ahaai. Tbe great cvlinder C, 0, is fixed 
opoD it, aad ctM H a aainilB a villi it ^ tJie |:iq>e d; on the lower 
nriSoeofwiueli, witlui) tbebaJkr. moTesa bmad plate, by means 
of the steam-cork, or ivpilalior E 10, stopping or opening the pas- 
sage Io prerent or pormit the sl^am to pasi into the cylioder, as 
occasion reijnims. The diameter uf the pipe d is aboat 4 inehes. 

" The st««nt in the bajleroaght always to be a little stronger 
than iht' air, that, when let into the oTlinder, it may be a little 
mure than a balance to the external air, wfaicli keeps down the 
[li^tou to the l>oIl4.uu d, a. Tlie jii^Aiin being by this means at 
libt-ny, the pumij-iwl wilL by its great weight, descend at the 
opposite end Io make a stn^ike. wliicfa is more llian double the 
weight of the piston, &e., «i the other end. The end of the lever 
at the pump, therefore^ will alwa\s preponderate and descend 
when the pbton is at liberty. The handle of the steam-cock 
E 10, being turned towards a, opens a piped to let in the steam; 
and being turned towards O, it sbuts it ont, that no more can 
enter. The pislou is now raised towanls the top of the cylinder 
at C, and the cyliuder is full of steam. Tlie lever O, I, must then 
be lifted up to turn, by its teeth, the injecting cock at N, which 
permits the water, brought from the cistern ff by the pipe ^ AI N, 
to enter the bottom of the cylinder at n, when it flies up in the 
form of a fountain, and striking against the bottom of the piston, 
the diojtB, being driven all over the tylinder, will, bv their eoh 
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neas, condense the steam into water i^in, aud precipitate it to 
tbe bottom of the cylinder, 

" Now this whole operation of openinf^ and shutting the steam- 
regulator and injectioiwKwk will take up but little more than 
three secouds, anJ will therefore easily produce aixtecn strokes 
in a minate. 

" The water in the boiler which wastes away in steam, is sup- 
plied by a pipe 1 1, about 3 feet long, going into the boiler about 
a foot below the surface of the water. On the top of this pipe 
is a funnel I, supplied by the pipe W with water from the cup 
of the cylinder, which baa the advantage of being always warm, 
and therefore not apt to check the boiling of the water. That 
the boiler may not have the surface of the water too low, which 
would endanger bursting, or too high, which would not have 
room enough for steam, there are two gauge-pipes at G, one 
going a little below the surface of the water when at a proper 
height, and the other standing a httle above it. When every- 
thing is right, the stop-coek of the steam-pipe, being open, gives 
only steam, and that of the long one water; but if otherwise, 
both cocks will give steam when the surface of the water is too 
low, and both give water when it is too high ; and hence the 
cock which feeds the boUer at 1 may be opened to such a 
degree as always to keep the surface of water to its due he%ht, 
lest the steam should grow too strong for the boiler and burst 
it. There is a valve fixed at h, with a perpendicular wire stand- 
ing np from the middle of it to put weights of lead upon, io 
order to examine the strength of the steam pushing against it 
from within. 

" The steam has always a variable strength, yet never one-tenth 
stronger or weaker than common air ; for it has been fouud that 
the engine will work well when there is the weight of 1 lb. on 
each square inch of the valve. This shows that the steam is 
one-fifteenth part stronger than the common air, 

" Now OS the height of the feeding pipe from the fUnnel F to 
the sui-face of water G a is not above 3 feet, and 3^ feet of water 
is one-tenth of the pressure of the air ; if the steam were one- 
tenth part stronger than air, it would push the water out at F, 

" Among tho great im[iroTementH of this engine, we may reckon 
thut contrivance by which tho engine itself is made to open and 
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shot the regulator ami iiijectiou-cock, aud that more nicely than 
any [lerson utteuding ctrnld possibly di; it. For this purjiose, 
there is fixed to an arch 12, at a proper distance from the arch 
P, a chain, from which hangs a perpend icnlar piece or working 
beam Q Q, which comes down qnite to the floor and goes through 
it iu a hole which it esiietly fits. This piece has a long slit in 
it and several pin-holes and pins for the movement of small 
levers destined to the same office of opening aud shutting the 
cocks, after tlie following manner : between two perpendicnlar 
pieces of wood, on each side, there is a square iron axis A, B 
(upper Fig., p. 2'i), which has upon it several iron pieces of the 
lever kind. Tlie first is the piece G, E, B, called the Y, from its 
representing that lettcT, inverted by its two shanks E and D ; on 
the upper part is a weight F to be raised higher or lower, and 
fixed as occasion requires. This Y is fixed very fast upon the 
said iron axis A, B. From the axis hangs a sort of iron stirrup 
I, K, L, G, by its two hooks I, G, having on the lower part two 
holes K, L, through which passes a long iron pin L, K, and keyed 
in the same. When (bis pin is put in, it is also passed through 
the two holes in the ends E, N, of the horizontal fork or spanner 
E, Q, N, joined at ils end Q to the handle of the regulator V 10. 
I - From Q to are several holes, by which the said handle may be 
fixed to that part of the end which is most convenient. Upon 
this axis A, B, is fixed at right angles to the Y, a handle or 
lever G 4, which goes on the outside of the piece Q 2, Q 2, and 
lies between the pins. Another handle is also fastened upon the 
same axis, Ws. H .3, and placed at half a right angle to the former 
G 4; this passes through the slit of the piece Q2, Q2, lying on 
one of the pins. Hence we see that n'heu tlie working beam 
goes np, its pui in the slit lifts np the spanner H 5, which turns 
about the axis so fast as tii throw the Y, with its weight F, from 
C to Ei, in which direction it would continue to move after it 
had passed tlio perpendicular, were it not prevented by a strap 
of leather fixed to it at Q e, and made fast at the ends m and n, 
in such a manner as to allow the Y to vibrate backwards and 
forwards about a quarter of a circle, at equal distances, on this 
side and that of the perpendicular." ' 
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The Ncwooaen Potd »i^iie of 1746, followed by tbc 
TrevJUiicfc BaUui Garden engine with improved work- 
ing gear, aUowing tlie eDgineman to sit at ease, while 
tlie engine moved at the increased epeed of sixteen 
Ktrokes a minute, and the improved boiler, give a good 
idea of the state and progress of the steam-engine from 
its firwt really useful working days, np to Trevithick, eeu., 
in 1775, or even to Watt, who erected his first engine 
in Cornwall ghortly after that date. 

Trevithick's, sen., account -books, commencing in 
1765, prove the use, ten years before the erection of his 
engine, of two steam-engines in the Dolcofith Mine, the 
Bullun Garden fire-engine, and the little engine ; and 
many others were then at work, for Borlase said in 
1740 *' there are several other very considerable mines 
now worked by the fire-engine in Cornwall, — Hnel- 
ritli in Godolphin Hill, Ilerland, Biillan Garden, 
Dolcoatli, The Pool, Bosprowal, Hiiel-ros, and some 
others." 

Feed-water was supplied from a cistern three or four 
feet iibove the boiler, serving also aa a safety-vah'e 
should the steam become of greater pressure than the 
weight of the head of water, thus allowing the steam to 
escape on the water becoming lower than the bottom of 
the fbed-pipo ; two gauge-cocks and a weighted safety- 
valve showed tlie water level and the steam pressure. 

A plug-rod, so called from its shitting plugs or 
pins, workeil the gear-handles for moving the steam and 
injection \ulvfs or cocks ; and Y shafts, named from the 
shape of the levers fixed on them, moved the valves. 
A catanict reguhited the time of rest of the piston at 
the top of the cylinder ; water from a regulating cock 
nui into a Utlnnced tub, which when full descended, and 
cni>^«iiig its contents, returnc! to its former level, 
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having during its movement opened the injection- valve, 
and caused the piston to descend. 

These contrivances are used in the present day, in an 
improved form, but still retaining their old names. 

Boriase wrote hopefully of a coming boiler to give 
more highly elastic steam ; Pryce, with the accumula- 
tive improvements of twenty years, said, "The steam 
has always a variable strength, yet never one-tenth 
stronger or weaker than common air ; for it lias been 
found that the engine will work well when there is the 
weight of 1 lb. on each square inch of the valve." 
The last words in Pi-yce's book relate to Watt and his 
I expected improvements ; and his view of the best steam- 
pressm^ was just that which "Watt adopted and acted on. 
It is unimportant whether Trevithick, sen., used the 
[ increased pressure of the steam ; he cei-tainly con- 
i Btructed a boiler on scieutific principles that allowed 
I of its use. Stuart, fii'ty years after Pryce, gave a copy 
I of Pryce's drawing of Trevithick's engine erected in 
I Bullan Garden, a part of Dolcoath Mine ; but Stuart 
I in error calls it " a view of the atmospheric engine 
I as improved by Beighton." The detail accounts of 
I its construction by Trevithick, sen., make no mention 
\ of the name of Beighton. The reader who cares to 
I examine the drawings by Pryce and Stuart will observe 
I tltat this copy is in perspective, while the other draw- 
I iugs by Stuart are not. Pryce states that his drawing 
I of the engine was made at his own expense and was 
I dedicated to his kinsman John Price, late High Sheriff 
I for the county of Cornwall. Trevithick, sen,, was the 
jniiueral agent for the great mining projjerty of Lord 
iDedunstanville and Basset, in which were situated the 
I leading mines of that day, retaining the post for 
■ twenty-two years, to the time of his death. 
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In 1776 lie rect;ived a grant from Sir Francis Ba»^ 
of the mine sett of Roekear (or TPlieal Chance), which 
became a-large mine, and is still at Work. 

Another of liis account-books, commencing January, 
1777, contains a list of sixty-four different Cornish 
copper mines then at work ; the greater number of 
which must have nscd steam-engines. It also gives 
particulars of the sale of copper at the Oornisli ticket- 
ings for the two years 1777 and 1778, showing a 
yearly produce of about 24,000 tons of copper oi-e, 
worth 156,000/. 

Thetse accon nt- books show that he was the manager of 
Dolcoath, Wheal Chance, now Koskear, Wheal Treasury, 
and Eastern Stray Park, at 21. a month from each, the 
greatest pay in the cost-books of the time : being the 
lord's agent he had the leading authority in the principal 
Cornish mines situated on the IJaseet property. 

In the year following Trevithick's engine. Watt 
erected his first working engine. 

" In 1776 W'att, after miii^h difficulty, erects hia first working 
engine; and in 1777 erects his first engine in Cornwall at Wheal 
Busy Mine. Here lie met tbe Horublowere, wlio had been 
erecting engines for fifty yenra, and Bonze, who bad five engines 
at work, with cylinders of 60 to 70 inches in diameter. 

"In 1778 Watt is again in Cornwall, and says the Cliace- 
water engine goes sat is factor ily, making fourteen strokes per 
minnte, and others iire ordere t. Even the infidels of Dolcoatb 
are now oblifiaely inquiring after our terms, 

" He would olraost as soon have wrestled with the Cornish 
miners as higgled with them. They were shreMd, practical men, 
rongh in manner and speech, yet honest withal. 

" In 177!) Murdoch joined Watt in Cornwall. Watt, in writing 
to Boiilton, says : — ' .\t Whcnl Union account our savings were 
ordered to be charged to the interest of Messrs. Edwards and 
Phillips; but when to be paid, God knows! Bevan said in a 
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month. After all this was settled, in rame Captain Trevitliick, 
I believe on purpose, as he came Inlt', and niiglit liavo beard 
that I was gone there. He immediatfly fell foul of mir account, 
in a manner peculiar to himself; laboured tfi demonstrate that 
Dolcoath engines not only anrpas.s(-d the taMi', but even did 
more work with the eoals than Wheal Union did, and concluded 
with saying that we had taken or got the advantage of the 
adventurers. I think he firet said the former, and then edged 
off by the latter statement. Mr. I'iiillips defended, and 
Mr. Edwards, I tliouglit, seemed staggered, though candid. 
Mr. Pliilljpa desired the data, that he might calcnlat« it over 
in bis way. Mr. Edwards slipped away ; but I found after- 
wards that he was in another room with Captain Gundry (who, 
and Hodge also, behaved exceedingly well ; I believe Gundry 
to bo a very sincere, honest man). I went out to speak to 
Joseph, and on my return found only Trevithiek, Bevnn, Hodge, 
and some others. Soon after, Mr. Edirards called ont Trevithiek 
to him, and Gundry. I heard them very loud, and waited tlieir 
return for an hour ; but they not seeming ready to return, night 
coming on, and feeling myself very nneomfortable, I came away, 
so know not what passed further. During all this time I was so 
confounded with the impudence, ignorance, and overbearing 
manner of the man, that I could m ake no adequate defence, and 
indeed could scarcely keep my temper, which, however, I did, 
perhaps to ji fault; for nothing can be more grievous to an 
ingenuous mind than the being suspected or accused of deceit. 
To mend the matter, it had been an exceedingly raiuy morning. 
and I had got a little wet going thither, which had rather hurt 
my spirits. Yesterday I had a violent headache and could do 
nothing. Some means must be taken to satisfy the country, 
otherwise this malicious man will hurt us exceedingly. The 
point on which Mr. Edwards seemed to lay tlie most stress was 
the comparing with a 77tb cylinder, a-s lie alleged they woidd 
not have put in so lai^e au engine; ami in this there is some 
reason, as I do not think they believe that the engine would be 
so powerful as it is. Add to tiiiB that the mine barely pays 
its way. Trevithiek made a great noise about short strokes at 
setting on, &c. The Captains seemed to laugh at that ; and I 
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can demoDStrato that, were it allowu<I fur, it would not cunie to 
2b. Od. por mouth. I beiiere tliey tan be brought to ullow that 
tliey would have put in a TO-Idc-Il Now query if wo ought to 
allow this to be calculated from a 70 (at which it will come 
to near 400?. a year), aud ou umkhig tliis concession iusist on 
our having a good puynuistcr to pay regularly once a month, 
aud not be obliged to go like beggars to their accounts to eeek 
our due, aud he insulted by such scounJrole into tjie bargain. 
As to ilalluinonin, they have not met yet, uud wbeu they do 
meet I shall not go to thorn. I cannot bear auch treatment ; 
hut it ia not prudent to resent it too warmly just now. I believe 
you mud come here. I think fourteen days would settle matters. 
Besides my inability to battle such people, I really have not 
time to bestow on them.' 

"In the autumn of 1780 Boultou went into Cornwall for a 
time, to look after the business there ; several new engines 
had been ordered, and were either erected or in progress, at 
Wheal Treasury, Tresaveau, Penrjdel, Dolcoath, Wheal Chance, 
Wlieal Crenver, and the Unittid Mines. 

" One of the princi^ial obje^^ts of his visit was to settle tbe 
agreements with the mining companies for the use of these 
engines. It had been found difficult to estimate the actual 
savings of fuel, aud the settlement of the accounts was a constant 
Boni'ce of cavil."' 

In 1779 Watt, with liis low-pressure ste;im vacuum 
engine, had declared war against Trevithick, sen., aud 
his improved higher pressure steam-engine. Watt's first 
impression of " the infidels of Dolcoath " was that they 
were "obliquely inquiring"; but after a year's un- 
fruitful negotiation, lie " was so confounded with the 
impudence, iffruirance, and overbearing i/ianner of the 
tnan " (Trevithick, sen.), that he could make no adequate 
defence. 

In the autumn of 1780 several new engines had been 
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ordered trom Watt for Cornwall, for Wheal Treasury, 
Tresavean, Peiirydel, Dolcoatli, Wheal Chance, Wheal 
Crenver, and the United Mines. 

The spirit of rivalry and even of mistrust arose of 
necessity between Trevithick, sen., and Watt; but it is 
much to the credit of the former that, within three years 
of the erection of Watt's 6rst engine in Cornwall, he, as 
manager, ordered his rival's engine for Wheal Treasury, 
Dolcoath, and Wheal Chance, being three out of the seven 
mines that at that time had agreed to try Watt's engine. 

The Watt Dolcoath engine had a cylinder of 63 
inches in diameter, with a cylinder cover, and an air- 
pump and condenser, and was called the great 63-inch 
double engine. It was erected near to a G3-inch New- 
comen engine, mentioned by Watt as Bonze's, with open- 
top cylinder, and known as the fire-engine, and was also 
close alongside of the 45-inch open-top cylinder Car- 
loose, erected by Trevithick, sen,, known afterwards as 
the Shammal engine, because those two engines pumped 
from the same shaft, which was called Shamalling. 

The oldest account-book now in Dolcoath Mine going 
back to 1783, has the entry of 52/. paid to Boulton and 
Watt for a month's saving by their patent engine. 

Aa these three engines will be frequently spoken of, 
it may here be mentioned that the birth of the two 
oldest is lost in obscurity. The 45-inch cylinder Car- 
loose, after her first life-time, was renewed in 1775, 
The little fire-engine is mentioned as working, in 
Trevithick's accountrbook of 1765, but there is no inti- 
mation of when the 63-inch atmospheric l>egan to work. 
Watt's 63-inch double engine dates from 1780, 

The oldest account-book in Cook's Kitchen Mine 
shows that under the management of Trevithick, sen., 
in 1794, Watt was paid 18/. a month for the saving of 
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coal. Tlie account-books of Trevhhlck, sen., as manager 
of Wheal Treasiiry Mine, in 1795, show that Bull, 
Trevithick, jun., anJ Watt were all rivals, and received 
payment for the saving of coal by their respective 
engines; but at this date the powers given to Watt 
under liis patent pressed with a leaden weight on the 
inventive skill of Cornish engineers. 

Trevithick, sen,, waa, as an engineer, the forerunner 
and liberal I'ellow-workmau and patronizer of Watt's 
improvements, but a determined opponent of all illiberal 
and exclusive acts tending to curtail the growing use- 
fulness of the steam-engine. He has been called a 
mine manager, because iu his time the mine manager 
.was imderstood to be an engineer. All repairs, and 
even new work, with tlie exception of large castings, 
were made in the mine : thus he was a man of all-work. 
One of his Dolcoath account-books is headed " Furnace 
cost for 1771," showing that in those days the Halvans, 
or inferior portions of the copper ore, not worth the 
cost of carriage to the neighbouring copper-smelting 
works at Copperhouse, were partially smelted in the 
mine, in the same way as it now comes from Sooth 
America under the name Regulus. The account is con- 
tinued for three years, and gives a sample of the labour 
and wages of the time : — 

" Ricliard VVillitims, 30 diiys at 323, per monib, 

Miiry Osbroii, 4 days at 5d. per tlay. 

Ann Heather, for bucking 319 barrows of calcine<I work, 
at 6s. for every 15 barrows. 

To fUling:, heaving, and carrying 1190 sacks of Halvans, at 
3a. per hundred sacks. 

To 1 dozen candles from tbc adventurers, 6s, dd. 

William John, for a lantern and book, 3s. 

Iticliard Woolf, for a watering-pot, 3s. ^d. 

Doctor cobimn, Is. (id," JJ 
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Presuming that the labourer's wages at 32s. per 
month meant four weeks, he then worked for Is. 4c/. 
a day, while a woman earned 5d. a day. Candles at 
6^. each seems strange ; but there are frequent entries 
at the same rate. Lanterns and books were supplied by 
the same man ; and the ancestors of Arthur Woolf, the 
engineer, sold watering-pots. A monthly subscription 
of Is. ad. to 2s. was paid, by the furnace account, to 
help the sick, under the head Doctor column. 

As lord's agent and leading mine manager, he 
attended the Cornisli ticketings. His account-lx)ok 
ehowa that at the four weekly ticketings at Kedruth, 
in the month of February, 1777, from thirteen mines, 
1939 tona of copper ore were sold, worth about 12,748/. 
a month. 

The mines selling ore during the two years of 1777 
and 1778 are given, that their names may not be lost.' 

' Rale of Coptkh Obe at the Redkdth Tickktinq fob the Month 

or Febrhart, 1777. 

From the Accoiitit-lwok of Trtvitliick, Ben. 

Tho namis of the various niincn 
iUing during the two years are: — 
Wheal Burrow, 

Bum Coo3c. 
Baldieu. 
Cook"B Kitchen. 
Carharraok. 
Chac«waler. 






Poldice .. \ 

Wheal Maid .. ( 
Wheal Fortune,! 



St. Erth 
Roskcare .. .. ^ 
Wheal Rosewamet 

Gr«t Close ..' 
(Wheal Virgin .. ) 
jCHrharrack.. .. J 
(Great St. George) 



The average price was &l. 13«. per 
ton, giving a monthly value of 
12,74^/. during the two years. The 
monthly sales incmuie slightly. 



Wheal Cock: 

Cariisewofid. 

C'arlooae. 
Wheal C^reuver. 

Camhorae V 

Doicuiitl]. 
Wheal Diimer. 

Dudiiaiice. 
Wheal Fortune, in 
Wheal Fortune, in 
Wh«il Fortune, in 
Wheal Fortune, in 
Wheal Gerry. 



St. Erth. 
St, Hillary. 
Rednith. 




fcr dw pnqwr 

^ttajiag Old of Ac ^^Afgirwrf «pegation«, aod tiie 

' Ai rrip riwi I7 Prjpw. Mfcillai viA de acecnnttioofcs 

of TievidDe^ ma, wHiHiifc Ac &ct that, prior to 

Val^s fini wvikii^ Ci^Be in 177£, three steam 

|WiH|"Pg gnginw had baen at «<vfc in Dofeoath under 

f TrevHkaA, wol, prafaaUj far —ny jaais, for the 

little fir&«Dgizie wm at wofk ten or more Tears before, 

and daring thoae ten yeaiE the 63-ci)rdi and the 4S-inch 

cjUoder Newcomen atmoq^keries v^xe erected. Watt 

aaw theia on his first liat to Dolcoatfa Mine in 1777, 

with the hobe and cranks in the. wat^r-engine shafts, 

^)oken of by Trevithick, sen., in 1765, a dozen years 

Wore Waabroagh patented the crank us bis iarention 



GnMCIcm. 

Wbwl OoM. 

Oaimi* Lake. 
HorrowboD^h. 
Ilsllamaiiain, 

ItiiUo'l. 
WbMl .)<-lbi.. 
Wh«»l Kltly. 

KMtrll AdTfOtiirDt*, 

I«kril. 

Ijininriim-, 

whmi r^iiv. 

WliHil Mftlil. 

N I Hill Dinvn". 

Nortii Pool, 

IhttOfld. 
Wliml rirphtn. 

I'ol.lio", 



WbMl PaUicl. 
RoktwcL 

Wbad RoMwmme. 
Whol Raven. 

RptallKfc. 
WWI Rack. 

Relubig Vran. 
Wheal SpMTOw. 

South Gnmbler 
Wheal Seymour. 

St. Quick. 

Trerenson. 
Wheal TruBn. 

Treskerby. 
Wheal Treaaure. 
Wheal Towdn. 
Wheal Virgin, 
West Wheal Virgin. 
We«t Good Siicce«s. 
Wont (iraiiibler. 
W.>.t l'i.nli.'llick. 
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when applied to the steam-engine. Pryce's drawing, 
Plate I., showiug the new adit by Trevithick, fixes the 
period of a most important stride in the science of 
mining in Cornwall. The vertical lines represent 
shafts, the horizontal lines levels; the large central 
space, excavated lode, downward from level to level ; 
the hottom line of this excavation shows the slight slope 
of the ground . for drainage toward the bottom of the 
mine, where the wind-bore or lowermost pipe in the 
pump-lift is fixed. 

Immediately after 1778 such a change was effected 
by Trevithick, sen,, in the principle of mining, that a 
comparison of modern workings with those given by 
Pryce makes evident its importance ; and from that time 
the miner, instead of breaking ground under his feet, 
broke it from over his head, he having first sunk the 
drainage shaft to the required depth for a lower level, 
from wliich the ore may be excavated up to the level 
above, while by this process the drainage and the 
railway for removing the broken rock are not dis- 
turbed. 

The light portions show the extent of the lode 
worked away, 500 or 600 feet in length, and 400 or 
500 feet in depth ; the width of the mineral lode vary- 
ing from a few inches to two or three, or more feet, 
in many places widening out to several feet. The 
shafts for raising water and mineral are shown vertical; 
a cross-section would show many of them in very 
varying inclines, following the underlay of the lode. 
The main-pump shaft is generally perpendicular for 
the convenience of the pump-work, in which case the 
course of the lode is not followed, the shaft being 
sunk to meet the underlying lode at an understood 
depth. The horizontal lines are levels on the course 
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of the lode, 4 or 5 feet wide by or 7 feet high. The 
levels branch from the shaft 50 or 60 feet one below 
another. 

If the lode is too unproductive for profit, the level is 
continued in search of better portions or bunches; when 
Buch are found, the whole ground is excavated fi'om 
level to level, of the width of the lode. 

The old plan was for each miner to dig or break the 
ground at his feet, destroying the road over which the 
broken rock had to be conveyed in barrowe, and also 
preventing the free drainage of water from the miner's 
work. The new plan is for the miner to work npwurda, 
towards the level above him ; by this means the very 
serious inconvenience of working in a pool of water 
is avoided, and the roadway kept good. Apply such 
changes to hundreds of men breaking and removing 
hard rock, in the cramped space and unhealtliy atmo- 
sphere of a mine, and its importance is evident. 

Mr. Henwood believes that the idea was brought to 
Dolcoath from Germany, by Mr. Raspe, a!x)ut 1782;' 
the putting it into practice was the work of Trevithick, 
sen., the manager,' and this system of working is now 
universal in the Cornish mines. 

Dolcoath of the present day is 1800 feet deep, em- 
ploys 1000 work-people, and yields annually 50,000^. 
worth of tin ; during the sixteen years ending 1865, it 
sold 748,891^. worth of ore, giving a profit to the 
shareholders of 130,655A The invested capital is only 
nominal, outlay for new machinery being paid for as 
a working expense. Trevithick's accounts take us back 
more than a hundred years, but Dolcoath must have 
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been a mine many years before that, for two steam 
pumping engines worked there in 1765. 

" In 179fi, Watt, writing to Boultou, says of Uornishmen : — 
' The nuiculs seem to have been goiug on as if the patent was 
their own. We have tried every lenient means with thera in 
vain ; and since the fear of Grod has no effect upon them, we 
muat try what tlie fear of the Devil can do,' 

" Legal proceedings were begun accordingly. The two actions 
on which the issues were tried were those of Boulton and Watt 
«. Ilomblower and Maberley ; and tbey were fought on Loth 
sides with great determination. 

" The pruceedinga extended over several years, being carried 
(rum Court to Court ; but the result was decisive in both cases 
in favour of Boulton and Watt 

" It was not until January, 1799, that the final decision of 
the judges was given, almost on tbo very eve of expiring of the 
patent which had not then a full year to run."' 

When Watt, in 1796, cballengetl Trevitbick, sen., he 
coulil answer for liimself, but at tlie last-mentioned 
period the son had buckled on Lis father's armour. 

An account-book of Richard Trevitbick, sen., beaded 
"Wheal Treasury Cost," commencing Marcii, 17D5, 
says: — 

"To paid Bull 201. per month for the saving of fuel by \m 
engine. 

" To paid Richard Trevitliii'k, jun., for aavitig of coals by bis 
engine, 181. per month," 

In April, 1796, is the following: — 

" Note of transfer of a share in the mine, with five engines, &i;.. 
subject to pay any demands, which may be liereafter made, by 
lUeasrs. Boulton and Watt, for savings in the said mine." 

In May of the same year : — 



"At a meeting at Praze-an-Beeble, it was ui 
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solved, That tlie savings claimed by Bou'ton and Watt shot 
not be paid uutil the validity of their patent should be fi 
proved," 

The last twenty jears in the life of Trevithick, 
were passed among events of great engineering import 
auce. Watt's arrival in 1777 broke up the old friendl 
clique of Cornish engineers and mine managers: pn 
tical mine workers ou one side, and influential i 
shareholders on the other, had different views of ( 
proposals of the new engineers. A depressed meti 
market added to the difficulty. Mines made little or 
no profit. Many ceased to work ; and among them the 
famous Dolcoath was closed in 1789. Boulton and„ 
Watt not only got their monthly payments witi 
difficulty, but had patent lawsuits with the Cornid 
engineers and mine proprietors. 

In 1706 Wheal Treasury, under the management c 
Trevithick, sen,, which had been paying Watt for thi 
saving by his engine, had also at work a rival engin 
by Bull, and another by Richard Trevithick, jun., ead 
of the three engineers receiving pay for his iraprovi 
engine, while a unanimous decision was come to by th* 
shareholders to resist Watt's patent claims. 

In April, 1797, the accounts in W^heal Treasi 
ceased to be entered by the old band ; and in Decembea 
of that yoHr another made up the account, closing with^ 
■III entry, — "Paid John Glasson for making up the 
uccountH in this book to December, 1797." Trevithick'a 
liand was cold. He had passed his life in the midi 
of Cornish mines, having numerous steam-engino 
working around him — the best engines of the day- 
hiK own particular mines, before Watt had ei'ected j 
Dtigiiio. When, in 1777, Watt and his first improvi 
Nti'iuii-oiigino appeared in Cornwall, Trevithick cau«^ 
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tioned him not to promise too much, or to tempt the 
mine speculators by offering to supply engines on the 
promise to pay a monthly hire, haaed on the saving in 
the consumption of coal, as compared with the Cornish 
engines then in use, but Trevithick did not oppose its 
ntroduction. 

Boulton and Watt's patent lawsuits resulted in a 
verdict in their favour, on the eve of the expiration 
of their patent. Richard Trevitlnck, sen., having lived 
to see his son an engineer, competing with Watt, and 
married to the daughter of his old friend, John Harvey, 
died on the 1st August, 1797, at Penponda, near 0am- 
l)orne, and was buried in Camborne churchyard. For 
many years he had enjoyed friendship, and frequently 
companionship, with the great religious reformer, John 
Wesley, who on his visits to Cornwall made a home of 
the house of Richard Trevithick, and used it as a place 
of meeting of the brotherhood, Trevithick being the 
class-leader in his district. This was a dark time for 
Cornwall, — death, law proceedings, and poverty were 
'rife; and the numerous and prosperous mines of twenty 
years before had dwindled down to bare walls and 
barren mine heaps, In the once busy district of lllogan 
■and Camborne only four steam-engines remained at 
work out of the forty or fifty which Trevithick, as 
lord's agent, had helped to set in motion. Stone from 
the engine-houses on the idle Dolcoath were taken to 
build the present inn at Camborne; miners' houses 
■were untenanted, and the people without employ. 
I Trevithick, sen., in his active life of half a century, 
took part in this rise and fall of Cornish mining and 
engineering. The prosperous part was before the use 
of Watt's improved engines; while the fall atme with ' 
their intro<.Uiction, and so nearlv buried Watt in the 
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minsy that he contemplated giving up their construction, 
to lead a less harassing and more profitable life. 

A little more than half a century has again passed, 
and that same district now employs one hundred steam- 
engines ; and in tliis revival we shall find that Richard 
Trevithick, jun., took an active part. 

No sculptured stone points out the resting-place of 
Richard Trevithick, sen., who lies not far from the 
Druids* rocks and ancient castle of Cam Brea. 
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8MEAT0N AUD WATT, 

In forming an estimate of Richard Trevlthick, sen,, 
a» the forerunner, and of his son as following Watt, in 
the improvement of the steam-engine, it is necessary 
briefly to refer to the engines of Smeaton and of "Watt 
in Cornwall. 

The question of rebuilding the Eddyetone Lighthouse 
let! Smeaton to visit Plymouth in 1756, when he pro- 
bably saw the Cornish mines ; ten years afterwards he 
erected several large atmospheric engines, one of which 
was sent to Russia. In 1775 he supplied the Chacewater 
Mine, In Cornwall, with an atmospheric engine, having 
a 72-inch cylinder, 9-feet stroke, working nine strokes 
a minute. The main beam was of twenty pieces of fir 
timber, bolted together, and the cylinder was supported 
twelve pieces of fir, in place of the beam of oak 
used by Trevithick, sen. The cylinder bottom was a 
half sphere, instead of the flat bottom as in Doleoath. 
Three hay-stack boilers, each 15 feet in diameter, sup- 
plied steam of 1 lb. on the inch above the atmosphere, 
one of which was placed under the cylinder. The 
piston bottom was cased with wood to prevent loss of 
heat. The low steam pressure reduced its power of 
quick motion, and its hollow cylinder bottom increased 
the consumption of fuel. It was to do the work of a 
62-inch and a 64:-inch cylinder that before had drained 
the mine, Smeaton says that, prior to 1760, one hundred 
engines had worked in tlic Newcastle-upon-Tyne col- 
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Iteriea ; fifteen of them averaged a duty of 5*59 million 
lbs. raised one foot high hy 84 lbs. of coal: such was 
the use and the economic power of the steam-engine 
prior to the Watt patent in 1769.' 



' ** My method of lesseaing the cou- 
lumption of steam, and consequently 
fuel, in fire-engines, eonasts id the 
futlowing pnaciples : First, tba.t the 
Teasel in wliich the powers of steam 
are to be employed to work the eugiDe, 
which IB called the cylinder in com- 
mon Gre-engines, tuid which I call the 
iteam-TeMel, mnit, during the whole 
time the engine is at work, be kept as 
hot SB the ateam which enters it ; Srst, 
by encloaing it in a caae of wood, or 
any other materials that transmit heat 
■lowly ; BBconilly, by suirouDding it 
with steam or other heated bodies ; 
and thirdly, by suSeriog neither 
water nor other substance colder than 
the steam to enter or touch it during 
that time. 

" Becucdiy, in engines that are to 
be worked wholly or partially by con- 
densation of steam, the steam is to be 
oondeniied in vessels distinct froni the 
stesm-vessel or cylinder, though occa- 
sionally communicating with them. 
I'hoso vessels 1 call condensers j and 
whilst the engines are working, these 
condensers ought at least to bo kept 
as cold as the air in the neighbour- 
hood of the ei^ines, by application of 
water or other cold bodies. 

" Thirdly, whatever air or other 
elastic vapour ia not condensed by 
the cold of the condenser, and may 
impede the working of the engine, is 
to be drawn' out of the steam-vessels 
or condensers by means of pumps, 
wrought by the engines themeelves 
or otbo^ise, 

" Fourthly, I intend, in many 
oases, hi employ the exinnsive force 
of steam to press on the pistons, or 
whatever may bo used instead of 
thorn, in the same manner as the 
prwHuro of the atmosphere is now 
oiLiployeil in common fire-engines. 
In cases where cold water cannot bo 
hoi) ill ]ileiity, tlip engineit may lie 



wrought by the force of sleum only, 
by discbargiog the steam into the 
open air after it liaa dome its office. 

" Fifthly, where mutiotis round so 
axis are required, I make the steam- 
vessels in fonn of bullow rii^s, on 
circular channels, with proper inlets 
and outlets ttc the steam, mounted 
on horisontal axles like the wheels of 
a water-mill ; within them are pUcsd 
a number of valves that suffer any 
body to go roimd the channel in one 
direction only. In these steam- 
vessets are placed weights so fitted 
to them as entirely to fill np b pan 
or portion of their cbannela, yet ren- 
dered capable of moving freely lin 
them by means hereinafter moi- 
tioned or specified. 

*' When the steam is admitted in 
these engines between these weights 
and the valves, it acts equally on 
both, so as to raise the weight to one 
side of the wheel, and by the re- 
action of the valves successirety to 
give a circular motion fo the wheel; 
the valves opening in the directioui 
in which the weights are pressed, but 
not in the contrary. 

" As the steam-vessel mores round. 



its office may either be dischaiged by 
means of condensers or intu the open 

" Sixthly, I intend in some cases to 
apply a degree of cold not capable of 
reducing the steam to water, but of 
contracting it considerably, so that 
the engines shall be worked by the 
alternate expan^on and contraction 
of the steam. 

" Lastly, ii^stead of using water to 
render the piston or other parts of the 
engines air or steam tight, I employ 
oils, wax, resinous bnlics. Cat of ani- 
mals, quicksilver, and other metals 
in their fluid state." 
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" In 1770 Watt sent his drawings to Soho for his first engine. 
I The castings were made at Coalbrookdale, but were fonnd 
exceedingly imperfect, and were thrown aside as useless. 

" In 1776 the first Watt engine was built at Soho, after much 
difficulty in finding suitable workmen, and many inquiries for 
the new engine were coming from Cornwall. 

"In 1777 Watt went to Cornwall and erected an engine at 
Wheal Busy, near Chacewater, and another at Ting Tang, near 
Bedruth. Here he met the Hornblowers, who had been erect>- 
ing engines in Cornwall for fifty years, they having come from 
Staffordshire. 

" Bonze seems to have been one of the early practical men. 
fciWatt says he found five of Bonze's engines in Cornwall with 
lylinders of from 60 to 70 inches in diameter. 
"In 1778 Watt was again in Cornwall, and says, 'The 
[ engine at Chacewater goes satisfactorily, making fourteen strokes 
1 per minnle.' " ' 

Watt's close top to the cylinder, and parallel motion, 

iinrere great improvements over the open-top cylinder and 

Mgment-headed beam before in use; but the condensing 

laway from the cylinder, and use of an air-pump, were 

iie leading features of his claims as an improver of the 

am-engine. These changes led to a saving of fuel, and 

ihe improved mechanical form gave greater control, but 

jieither the speed nor power of the engine was materially 

■ancreased. The pressure of steam remained about the 

The vacuum was more perfect in the cylinder, 

Ibut the labour of working the air-pump reduced the net 

;ain, and the engine was still a low-pressure steam 

■acuum engine, though greatly improved in usefulness. 

"Watt says, in 17f!l or 1762: — 'I made some experiments 
a the force of steam la a Pepin's digester, and formed a species 
f steam-engine. But I soon relinquished the idea of constrnet- 
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ing an engine npon this principle, from being sensible it would 
be liable to Bcnneof the obJ€«?tions against Sarery'e engine ; from 
the danger of bursting the boiler, and tbe difficulty of making 
the joints tight, and also that a great part of the power of the 
steam would be lost, because no racuum waa formed to assist 
the descent of the piston.' 

" In 17S2, Watt patents an expansive en^'ne, applicable both 
to double and single engines. In both these forms of the 
^paratns the steam acts not onlr to form tbe Taciiom, bat 
to dejHCss the piston. But still, during tbe operation of the 
ootuilerpoise, it produces no effect ; and when it was required 
to move machinerv, this suspension of impuiso was a great 
drawback on its utility. This, however, was not objected to its 
general merit when used as a mover of pumps, and the more so, 
as it was couunon to the atmospheric engine. 

"The power of the condensing engine is easily known by 
ascertaining the temperature of the steam which moves the 
piston, the area of the piston, and the temperature of the 
vapour which remains in the condenser. It ia, however, found 
most expedient to raise tlte steam to a gomewbat higher tem- 
perature than 212", so as to produce a pressure between 17 
and 18 lis. on each square inch of the pistou ; yet, in practice, 
from the imperfect vacuum whicli is made in the condenser, 
and after making allowance for the friction of the piston on the 
sides of the cylinder, and for the friction of the various parts 
of the intermediate machinery, this pressure of 18 lbs. on each 
square inch of the piatoTi cannot raise more water per inch 
than would weigh about SJ Iba,, so that somewhat more than a 
half of llie whole power of the steam is absorbed to give motion 
to the intormcdiato mechamsm." ' 

In 1778 Smoatou applied to Watt for a licence to 
attach tlio patent condenser and air-pump to the atmo- 
Hpliorio engine, and received the following reply : — 

" lly adding condensers to engines that were not in good 
order, our engines would have been introduced mto that county 



' HwUiry nf the Stcam-Engmt;,' pp. 97, 127, 131 ; publieiied 1824. 
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(wKicIi we look upon as oar richest mine) in on uofayourable 
point of view, and without such profits as would buve been 
satisfactory, either to us, or to the adveiiturera. Besides, where 
a new engine is to he erected, and to be equally well executed 
in point of workmanship and materials, an engine of the same 
power cannot be constructed materially cheaper on the old plau 
than on ours. The itlea of condensing the steam by injecting 
into the eduction-pipe, was as early bs the other kinds of con- 
densers, and was tried at large by me at Kinneal. We shall 
have four of our engines at work in Cornwall this summer ; two 
of them are cyliuders of 63 inches diameter, and are capable of 
working with a load of 11 or 12 lbs. on the square inch." ' 

Sticii waa the estimate by those two eminent men of 
r the relative power of the Watt and the Newcomen 
f eng-ino, uaing steam of a pressure just sufficient to 
[ overcome the weight of the atmosphere, trusting to 
[ the condensation and vacuum for its effective power. 
I The vacuiun was more perfect in the Watt engine 
\ than in the earlier atmospheric engine of Newcomen, 
I but this seeming gain was much reduced by the power 
[required to work the air-pump. A gross power, made 
lup of 14 or 15 lbs. from vacuum, and 2 or 3 lbs, steam 
I pressure, was reduced to one-half hy the numerous 
Idrawbacts in the movements of the engine. 

In 1712 the Griff atmospheric engine had an effective 
Lfbrce of 10 lbs. on each square inch of the piston. In 
] 1746 the atmospheric engine at Pool Mine, with steam 
J of 2 or 3 lbs. to the inch above the atmosphere, worked 
[: fifteen strokes a minute. In 1758 Borlase said that the 
tquickness of movement of the atmospheric engine in 
rCornwall depended on the steam pressure driving the 
Dgine faster or slower. In 17T5 the Bullan Garden 
heric worked sixteen strokes a minute. In 1778 
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Vat^f Chaoewater engine, vnA i 
the incb above the prea wre of tiie i 
iourteen rtrokeR a tniDiite. 

ITie woricing therefore of an engine bj tfae t 
force of Htevn wa« more advanoed a quarter of a icutur/ 
[jefore Watt's patent, than a quarter of a oentory after 
it. The Newcomeii pumping engine, when at rest, bad 
it« pinton at the Ixrttom of tbe cylinder, nnder wbit^ 
the valve atlmittod steam of 2 or 3 lbs. on tbe incb, 
ooonterbalancing the weight of the pistcm, and raising 
it to the top of the cylinder; a jet of cold water pro 
duced a vacuum, and caused the piston to descend with 
a forco of 14 Hjh. of atmospheric pTeasure on each 
Hfpiare inch of its fiurface, together with its own weight 
of 2 or 3 lliK. on the inch. 

The Watt pumping engine had a close-topped 
cylinder, witli it^ pinton at the top when at rest; a 
vfilve admitted on it steam of 1 or 2 lbs. on the inch; 
the equililirium valve then allowed the steam to 
|)a>« aUo into the [mrtion of the cylinder under the 
pinUm ; an exliatiBt-valve at the bottom of the cylinder 
then pawKcd the steam from under the piston to the 
condenwjr, wIilto a jet of cold water caused a vacuum, 
and the piwton descended with a force of 14 Iba. from 
vacuum, and 1, or 2 Iba, of steam pressure on tlie piston, 
being together no more tlian the atmospheric engine. 

It is l)oyond our comprehension that for fifty years 
the use of the steam-engine was confined to the pumping 
of water. 

In 1780 Mr. Matthew Wasbrough and Mr, James 
Pickard gave rotary motion from the steam-engine by 
a crank. Watt objected to the use of his patent engine, 
if the crank was attached to it, and invented sun-and- 
planef wlioels in place of the crank. 
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The rivalry of patent claimants, or ignorance, retarded 
the use of the rotary steam-engine until 1784. This is 
the more remarkable when bobs with connecting rods 
attached to cranks on the axles of lAater-whoels were 
in common use in Cornwall before 1758, and must 
have been seen by Watt during his residence there in 
1777. They were so used hy Trevitbick, sen., before 
the time of Watt, in Bnllan Garden and other mines 
in which Watt erected engines. There is this dif- 
ference, that in the one case the crank gave motion 
to the hob. and in the other the bob gave motion to 
the crank. 

" More effectual is the water-wheel and bob : an 
engine whose power is answerable to the diameter of 
the wheels, and the length of the bobs, fastened to its 
axis by large iron cranks; a perpendicular rod of 
timber to eacli end of tho bobs works a piston in a 
wooden or (which is far better) a brass hollow cylinder."' 

The drawing of Bullan Garden in Chapter II. shows 
the cranks, connecting rods, and beams, in general use 
in Cornwall for half a century before Watt used them. 

"In 17)^1. Wafibrough having entered into an 
arrangement with tlie f'ommissioners of the Navy to 
erect a crank engine for grinding flour at the Dept- 
ford Victualling Yard, made a formal appliciition to 
Bonlton and Watt to supply their engines for the pur- 
pose: Watt protested that he could not bring himself to 
submit to such an indignity."'^ 

"Up to 1780, the use of the steam-engine was con- 
fined to the raising of water. The earliest of Mr, 
steam-engines, giving a rotatory movement, 
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SHtW o««Hwi in 1784 — one for Mr, "Wliitbread's brew- 
liuusc, uad one for the Albion Mills."' 

The eraiik was also about that time applied to 
ntiuo^>beric engines, but the disputes between Watt 
and others, on their priority of claim and patent rights, 
oil the new invention of the old crank, retarded its 
use in the etfatii-engine for several years. "Watt's first 
ivtary engine, in 1784, had his sun-and-planet wheels, 
and the simple but unfortunate crank, with its patent 
honours, had to wait still longer before it was allowed 
to take its place as the most useful limb in the growing 
ttteam-ongine. 

(■o«k'« Kitchoa water-wheel, still at work, though 
well known before the time of Watt, was thus Bpoken 
of in 1778:— 

"The Wftter-engino at Cook's Kitcheo Mine is 48 feet in 
diamett-r, auJ works her tiers of pumps uf O-inch bore, which, 
lining divided luto four lifts, draw 80 fnlhoms under the adit. 
Thi) wiiter-wlnH'l with Wbe, whose power is ausneruhle to the 
(hiiiiU'tCT of the wheel, ftud the sweep of the cranks, fixed in 
the fxtn-iuitios of the axis ; over tliem the lai^ bobs are hung, 
ujion bnvoi ccutn' gudgeons, Eiipport«d by a strong frame of 
timU-r. and rise and fall (u.-i.-ordiiig to the diameter of the sweep 
uf Iho cmnk. 

" To wwh crauk is fixiti a straight half-split of bulb timber, 
tliut »)iimkuui('uU<8 with ttn-h bob above ; at the other end or 
niw of tlio boh, o^-er tlie shuft, a larg^ iron chain is pendent, 
fiistoni<tl lu a perpeiidii-uUr ntd of liiubtT, that works a pbton 
in au iron ot brass hollow fvlinder."' 

This wheel, \ise*l I)y Tiwitluck, sen., a hundred years 
ajpo, was at work K>forii Watt ervctei.1 his 63-inch 
cylinder ungino iti Dolcoath, firoim whiuk it was distant 
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EARLY LIFE OP TBEYITHIOK. 



Richard Trevithick, jun., was born on the 13th of 
April, 1771, under the parental roof, in the parish of 
lilogan, county of Cornwall. His birth-place is now 
a double cottage, around which clouds of mineral sand 
from the surrounding mine-works float in the wind, 
depositing layers of ponnded rock on everything in 
house and garden. A hundred years ago it was the 
manager's reHidenco, delightfully situatetl at the foot 
of the north-west slope of Carn Brea Ilill, with its 
ancient castle and Druidical legends. It is in the 
centre of the famous old and rich mines of Dolcoath, 
Cook's Kitchen, Pool, Tin Croft, and Roskear, and 
within a mile of each of them. 

He was the fir.st surviving son of five children, and 
was the mother's pet. Shortly after his birth the family 
removed a few miles, to a leasehold of Penponds, near 
Camborne. His mother's wedding-ring, which the 
writer has just placed on his finger, is seven-eighths 
of an inch internal diameter, and weighs a quarter of 
an ounce. On the inside of the ring are the words, 
" Q-od abo^e, increase our love." The letters are not 
engraved, but indented with a common chisel, probably 
the lover's handiwork. The boy's first and only school 
was in the adjoining small town of Camborne; the 
master reported him a disobedient^ slow, obstinate, 
spoiled boy, frequently absent, and very inattentive. 
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Stories are told of his remaining by himself for hours, 
drawing lines and figures on Iiis slate in place of the 
school lesson. 

His school attainments were limited to reading, 
writing, and arithmetic. The master once said, " Your 
sum may be right, but it is not done by the rule." 
Trevithick replied, " I'll do six sums to your one." His 
father wished him to sit at the office desk in one of the 
mines, but he chose to wander through the mines by 
himself, holding little converse witli others, but well 
■ able to del'end himself in case of attack. 

A difficulty among mine agents about some nnder- 
grouud levels led young Trevithick to offer to correct 
the error. Old heads disapproved at first, and then 
allowed him to try his hand. Genius enabled him to 
comprehend the rude surveying instruments of that 
day, and the untrustworthy character of the magnetic 
needle when near iron tools or machinery ; and he laid 
down a course which was successfully followed, where 
older heads with more experience had failed. 

A letter, written in 1845 by Captain Henry A^ivian, 
describes Trevithick, and his partner in connection with 
the first high-pressure steam-engines. 

" My flitter was a man of great inventive and arithmetical 
powers of mind ; he liaa often made up the duty of an engine 
while we have been walking the road together, multiplying six 
figures by four figures, and giving the answer without aid of 
pen or paper, by retaining the figures in memory. 

" Mr. 'i'revitliick was a man of still greater powers of mind, 
bat would too often run wild, from want of calculation, They 
did well together, hut badly when separated." 

Among the traditions of Trevithick, a favourite one 
is the story of a mine account, at which the mine 
agents and adventurers met, and after setthng the 
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accoants, partook of a good dumer and mine-aocount 
punch, followed as a matter of course bv rotigh jokes, 
which passed freely m those times. Captain Hodge, 
a large, strong man of six feet iu height, ventured on 
a little friendly tusele with Trevithick. Hodge was 
seized by the middle, and turned npside down ; the 
print of his ehoes being lefl in the ceiling of the 
room. What a jolly roar of laughter burst from thoae 
originals ! That accouut-hoase iu Dolcoath was allowed 
to stand for many years as a memento of his great 
strength. He threwa sledge-hammer, they say, 14 lbs. 
weight, over the engine-house chimney, but the writer's 
informant could not tell him the height ; some said it 
never came down again. 

He was famous also as the only one who could throw 
a ball over the C3mlx)nie church-tower, when standing 
near enough its base to touch it with one foot. 

One day the mine athletes, in their trials of strength, 
attempted to lift from the ground a 9-inch cast-iron 
pump, such an was used in the mines, weighing scveu 
or eight hundredweight. When Trevithick's turn came, 
he lifted the pump on to his shoulder and carried 
it off. 

His excusable vanity was gratified by a request from 
a member of the College of Surgeons that he w^ould 
show them his strong frame ; and their telling him 
that they had never before seen muscle so finely deve- 
loped, interested his Cornish friends, who delighted in 
physical strength. 

Captain Joseph Vivian, when a young man, knew 
Trevithick well. Bowls was a favonrife game in 
Cornwall, and sometimes they used to try who could 
throw the jack ball to reach the church door before it 
touched (he gronnd. Captain Dick threw the jack not 
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lach the church, but clean over it, and it 
fell in Jacky Williams' garden. At Crane Mine, the 
young men standing in the door of the smiths' shop 
tried to throw a sledge against the wall of the engine- 
house across the yard ; but Captain Dick happening to 
come by, threw the sledge across the yard and over 
the roof of the engine-liouso. 

Captain Andrew Vivian's story was, that one day he 
and Trevithick were walking In London, when a lot of 
pickpocket fellows bustled tbem about; Captain Dick 
laid hold of one in each hand, and knocking their heads 
together, gave them a swing and scattered the whole lot. 

Vivian had often seen him write bis name quite easily 
on a beam about six feet above the floor, with a 5G-Ib, 
■weight suspended from bis thumb, the ai-m being ex- 
tended at full length. Captain Andrew thought him- 
self a good band at figures, and sometimes when he 
was working away at a calculation, Trcvilhick, who 
had not made a figure, would say, " Well, Captain 
' Andrew, it will be about so and so ; " and was always 
very near the truth. 

"Mr. Hugh Hunter, aged eighty-seven yeai-s, the foreman 

carpenter in Cook's. Kitcben for the last Bixty-six yeare, haa 

often seen Cnptaiu Trevithick lift the mandril, and Iiundreds 

of people UHed to come to see Iiina do it. He used to put a 

, bar of iron iusiile the mandril and fasten another bar to it ao 

that he could get a good hold. A slrong stool was placed on 

[ eiu-'h side of the mandril, upon which he would stand with the 

I mandril between his legs, and would lift it off the ground. He 

I wa» an uncommon quick-spirited man, and the strongest ever 

[ known. The weight of the mandril was ten hundredweight."' 

"John Vivian, the foreman smith, had worked in the niiue 
I for fifteen years. Tlie mandril was always known ae the on^ 

ril i» ill the Pntcnt Museum nt Ki'iisiiigt<in. The filatemonl 
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that Captain Dick used to lift, and that nobody else could. 
His father worked in Dulcoath under Captain Dick about 1800, 
and he used to say how Captain Dick would climb up the great 
shears, or triangles, fifty or sixty feet liigh. and, alandiiig on tho 
top of the three poles or shear-legs, would swing aronnd a heavy 
sledge-hammer. He did it for exeniise, and to steady his head 
and his foot." ' 

When tho writer wag a, young man, Kneebone, a 
sti'ong Cornish wrestler, working in the tiii-saielting 
works at Hayle, lifted hira from the ground with one 
hiind, at arm's length; he then raised two blocks of tin, 
c*ich of them tliree hundredweight, from the gi'otind, 
remarking, "' Captain Dick Trevitliick could lift three 
blocks as easy as I can two ; and he also lifted an old 
piston-rod, seven or eight hundredweight, with a man 
sitting on each end of it." 

Two rocks rising from the eea, a short distance from 
the clifis, at St, Agnes Head, near Redruth, named in 
charts "The Man and his Man," were for many years 
known in the neighbourhood under the familiar term, 
"Captain Dick and Captain Andrew;" one of the 
rocks is much larger than the other. 

The earliest trace of steady occupation followed by 
Richard Trevithick, jun,, is in his father's account- 
book of Stray Park Mine in 1700, where he received 
'dOs. a month. His father, as the manager of the mine, 
stands at the head of the book at 40s. a month. 

Trevithick was then eighteen years old, and in the 
rate ofwages paid in the mine came next to the manager; 
he must therefore have had years of experience before 
that period. Roys then left the village school for the 
fight of life at ten or twelve yeai's of age. 
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The name appears in the monthly accounts without 
interraissiou for two years, until 1792, when he was 
employed by the shareholders in Tin Croft Mine to 
examine and report on the relative duties, or work 

' done with a certain quantity of coal, in the patent 
engine of Watt, and in that of the double-cylinder 
engine of Hornblower, who stood high in Cornwall as 

, an engineer before the time of Watt. 

At the early age of twenty-one Trevithick was there- 

' fore in public and professional contact with Watt, and 
from that period dates the competition of the great 

, low-pressure engineer and his youthful and vigorous 

, liigh-preaeiu-e rival. 

In 1795 Trevithick erected a steam-engine at Wheal 

' Treasury Mine, competing with Watt, and also with 
Bull, jnn., both of whom received pay for the saving 
of fuel by improvements in the steam-engine in mines 
under the management of Trevithick, sen. This con- 
tinued unlil the end of 1797, when the account ceases. 

" Wheal Treasury Cost, June, 179.") : — 
" Itiuliard Trevithick, jun., 13 <lays at 3s. Qd. 
" Richard Trevithick, sen., for expenses at Ilelston, at sundry 
times, aud at other places, waitiug on the adventurers, 7s. Gd. 
" Ricliard Trevithick, jun., for moving and erecting the eastern 
i engine, '2\l. 

"Ditto, for one month's attendance on ditto. It. lis. Gd. 
"Ditto, for one month's saving reHpcctiug the eastern engine, 

\m. 

" To Edward Bull, for Lis attendance, 21. 28. 
"To Mr. Bull's engine, for two months' saving respetjtiiig liia 
engine, 43^ 12s. 

"1796, .ilj)n7:— 
" The said Richard Moyle Buhjects himself to pay any domauJs 
which may he hereafU?r made hy Messrs. BouJton and Watt, 
' for savings in the said mine. 
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"At a meeting of the old adventurcra of Wheal Treasury 
Miae, held this 27th day of March, 1797, at Prazc-an-Beeble, 
it was unanimously resolved that the earnings claimed by 
Boulton and Watt should nut be paid till the validity of their 
patent ahonld be fully proved." 

Trevithick, jun,, bad taken down an old engiuD, 
probably a Newcomen atmospheric, and re-erected it 
witb bis own particular improvements, from wliicb he 
received about tbe same rate of "saving money" as 
Bull, There ia no entry of saving money paid to Watt ; 
but in the following year an outgoing shareholder was 
made liable for any demand Watt might make, and again 
in the next year the mine determined to refuse Watt's 
claim for " saving money." Smiles says tliat Wheal 
Treasury had been supplied with an engine by Watt; 
so tbere were three rival engines and rival engineers 
under the management of Trevithick, sen., as tliere 
had been twenty years before at Doleoath. 

Trevithick, sen,, put but a small money value on 
his labours, for Helston was about fen miles distant ; bis 
travelling to it and to other place.s, " sundry times, 
waiting on the adventurers," led to a bill of 7s. Grf. for 
expenses. His sou, who bad been entrusted with the 
improving and re-erecting of an engine, received as 
daily pay 3s, 6rf, ; and at the age of twenty-four was 
in open and active opposition to the sweeping claims 
of Watt. 

The late Captain Richard Eustace related, as an 
early incident in Trevithick 's life, that " at Wheal 
Treasury one of Boulton and Watt's pumping engines 
worked badly, and at last stopped. Tbe engineman 
in charge could do nothing with her; tbe water was 
rising in tbe mine; wlien Trevithick, jun., ofiered his 
services, and made things right. His father boasted 
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" that the Lest mau in tlie mine could not do wbat his 
boy had done." 

There is no record of ihe particular kind of engine 
tlien erected by Trevithiek ; he was not, as has been 
stated, in partnership with Bull, jun., for during the 
three years the monthly saving in coal by his engine 
and the entries to Bull are quite distinct, and also 
their monthly payment as engineers keeping the 
engines in order. They both strove to avoid Watt's 
patent claims by combinations and improvements, 
especially by an engine since known as Bull's. A 
dniwing'made by Trevithiek probably in those early 
days represents this kind of engine, which remained in 
use in Cornwall for many years ; several are at work 
in the london Water-works, and one or two at Batter- 
eea at the present moment. 

This double-acting engpne has never received its 
fair share of credit, for as compared with its rival, the 
Boulton and Watt patent engine, it is more simple, and 
less costly ; matters of more importance then than now. 
The doing away with the heavy beam and parallel 
motion, the placing the injection-valve in the exhaust^ 
Bteam pipe, thereby avoiding the larger and separate 
condensing vessel used by Watt, and the double-acting 
air-pump, were bold and successful ideas, easy of con- 
struction, economical in operation, and widely different 
from the Watt engine. 

Plate II. shows a side elevation of this direct-action 
. or Bull engine, drawn by Richard Trevithiek, pro- 
[ bably in 1795. a is a steam-cylinder; b, wood beams 
I supporting cylinder ; c, piston-rod ; d, pump-rods ; 



' The dnvwing was given by Tre- | drawing ; it had neither nnme, date, 
I Tithick to the writer, in 1B30, us a I uor scale attnchfd — ft strong evidejice 
Kvuiple of H pn.ipiTly-niftde mechanical I of an original Trevithiek drawing. 
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e, jrampe ; /, engine-shaft; ff, balance-beam connecting 
rod ; k, balauce-beam ; t, box for balance-weights ; _;, 
plug-rod and air-pump bucket connecting rod ; /■, snifl- 
ing valve ; /, air-pump ; 7n, air-pump bucket-rod ; n, 
condensing water cistern ; o, pipe-condenser ; /», in- 
jection-valve ; g, plug-rod; r, gear-handles; s, the 
valve-nozzles ; t, floor of engine-house ; «, condensiiig 
chamber ; v, ground level ; w, roof of engine-house. 

The lour walls of the engine-house surround the 
pump-shaft, over which the eteam-cvlinder with close 
top and bottom is placed, supported on strong beams 
crossing from wall to wall of the house, the piston-rod 
going direct to the pump-rods, by which the necessity 
for the large beam and parallel motion is done away. 
The usual balance-bob attached to the pump-rods 
gives motion to the air-pump bucket and to the plug- 
rod for working the valves. The condensation of 
the steam takes place in the exhaust-pipe, on which 
the injection-valve is fixed. The valves are worked 
by tappets and toothed segments. The air-pump 
bucket was a solid piston, that of Watt a piston with 
valves. Tliis kind of engine remained in use in 
Oornwall for thirty years, and is the early type of the 
modern direct-action engines ; it had many new ideas, 
and clever modifications of those not new. 

Trevithick in 17!)7 was the engineer at Ding Dong 
Mine, near Penzance, where he had erected an engine 
on which Boulton and Watt laid an injunction for 
infringement of their patent; to avoid payment the 
engine was converted into an open-top cylinder, 
without beam or parallel motion. About the same 
time a Bull engine was erected at the Herland Mine, 
in the spirit of rivalry with Watt, who had placed 
there one of liis best engines. 
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The late Captain Samuel Grose said : — " My first occu- 
pation, after leaving school, was as a young assistant- 
engineer for Mr. Trevitliick. In 1802, an engine 
worked at the Herlaud Mine, which had heen erected 
by Bull, jun,, and Trevithick about 1798, whose 
cylinder, 60 inches in diameter, was placed over the 
shaft; the piston-rod attached to the pnmp-rods; it 
had an air-pump, and low-pressure boilers; there 
were no large high-pressure engines then. Bull, sen., 
died about 1780, and shortly after Captain Trevithick 
was the head engineer in the county."' 

It seems, therefore, that the elder Bull died in the 
I earlier part of the fight between Cornish engineers and 
I Watt. His son Edward Bull followed in his father's 
, steps as an engineer. 

Trevithick, jun., and Bull, jun., worked together in 
tlie improvement of the steam-engine ; but no trace has 
I reached the writer of the form of the Bull engine on 
1 the death of William Bull, sen., at which time Trevi- 
[ thick, jun., was nine years old. Trevithick need and 
improved the Bull engine after the death of its in- 
ventor, and in conjunction with Edward Bull, jun., 
I erected engines to compete with M'att during the very 
I height of the aci'imonious and long-pending patent 
[ lawsuits. 

James Bolitho " had worked in Ding Dong for fifty 
■ years; his father, Thomas Bolitho, worked all his life in 
' the mine, and frequently spoke about the engine that 
I Captain Trevithick put up ; she had not worked long 
I before Boulton and Watt came down with an injunc- 
I tion printed out, and pasted it up on the door of the 
[ engine-house, and upon the heaps of mine-stuft", and 
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nobody dared to touch tliem. But Captain Trevithick 
did not care ; he and Bull and William West came and 
turned the cylinder upside down, right over the pump- 
rods in tho shaft ; they took off the cylinder top (it watt 
the cylinder bottom before they turned it upside down) ; 
water utid oil used to be on the top of the piston to 
keep it tight. Captain Trevithick at that time put 
a wind-engine in the mine; sometimes it went so feat 
that they could not stop it; some sailors came from 
Penzance and made a plan tor reefing the sails,"' 

This was one of the many skirmishes with Watt, 
ciuiMin^ the engine to work as an open-top cylinder 
almosplieric, rather than pay the patent demands. 

DaviiMj Oilbert thus describes his first acquaintance 
with Trevithick : — 

" My dear Sib, " Eabt Boubsb, April 29, X83!l. 

"I will give aa good an account as I can of Bichard 
TrevitLick. His father was the chief manager in Dolcoatb 
Mine, imd he bore the roputation of being the best inforpied and 
most flkilful captain in all westeru mines ; for as broad a line of 
diatiaction was then made between the eastern and western 
mines (the Gwennap and the Camborne Mines) as between those 
of different nations. 

"I knew the father very well, and about the year 1796 I re- 
member hearing from Mr. Jonathan Hornblower that a tall and 
strong young man had made his appearance among engineers, 
and thut on more than one occasion he had threatened some 
people who contradicte'I him to fling them into the engine-shaft. 
In the hitter part of November of that year I was called to 
Ijondon as a witne^ in a steam-engine cause between Messrs. 
Boulton and Watt and Maberley. There I believe tliat I fii-st 
saw Mr. Uichard Trevithick, juu., and certainly there I first 
became acquainted with him. Our correspondence commenced 
eoon afterwards, and he was very frequently in the habit of 
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cftlling at Tredrea to ask my opiuion on various pnijecls that 
occiirreil to his miud — some of them very ingenious, and others 
ao wild aa not to rest on any foundation at all. I cannot trace 
the succession in point of time. 

" On one occasion Trevithick came to me and inquired with 
great eagerness as to what I apprehended would be loss of power 
in working an engine by the force of steam, raised to the pres.'iure 
of several atmospheres, but instead of condensing to let tlie steam 
escape. I of course answered at once that the loss of power 
would he one atmosphere, diminished power by the saving of an 
air-pump with its friction, and in many cases with the raising of 
condensing water. I never saw a man more delighted, and I 
believe that within a mouth several puffers were in actual work. 

" Davies Gilbert. 
" J. S. Ents, Esq." 

Probably the meeting with engineers at those legal 
contests and the shrewil questioning of lawyers led 
him to ponder on the possibility of working an 
engine without air-pump or vacuum, and within a 
few months several steam-puflVrs were at work ; the 
idea was soon made practically useful, showing not 
only the energy of Trevithick's resources, but also bis 
practical autliority as an acting engineer. Tlie high- 
pressure steam-engine may he said to date from 1796. 

The 6rst account-book in my possession in the hand- 
writing of Richard Trevithick, jun., is dated 1797. 
The pages are headed Dr. and Cr, ; but during the 
several years the book was in use not one single account 
was balanced ; it commenced as a ledger, but was used 
as a day-book. Comparatively large amounts of money 
passed through his hands. He was the engineer sup- 
plying machinery, and having mechanics in his pay in 
the following mines : — Ding Dong, Wheal Bog, Wheal 
Druid, Hallamaniu, Wheal Prosper, Whe;d Hope, 
Wheal Abrnhiiiii, Doicoiith, Rowewall Mine, Polgrane, 
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Trenethick Wood, Baldne, Tre^enen, Wheal Kose, 
Wlteal Malkin, East Pool. Wbeal SeaUboIe. Cook's 
Kitchen, an<l Camborae Tean. 

Many of the entries are for his improved plunger- 
pole pit-work, and also for his high-pressure portable 
steam-eDgines ; for from that time he made no more 
low-pressures. 

On the denth of his father in 1TH7 he was elected and 
employed to fill the vacant position of leading engineer 
in Cornish mining. Supreme in the district west from 
Dolcoath, but having an opposing, or Watt party, in 
the Gwennap, or eastern district. 

About this rime, while preparing niachiuery at Hayle 
Foundry, his friend "William West had fallen in love 
and married Miss Johanna Haney. Trevithick fol- 
lowed his friend's example, and while on high-pressure 
engine business at ilr, Harvey's foundry, fell in love 
with Miss Jane Harvey, The marriage was in 1797. 
Both families were well known for business ability and 
good looks. The bride was tall and of fair complexion, 
with brown hair. The bridegroom 6 feet 2 inches high, 
broad shouldered, well-shaped massive head, blue eyes, 
with a winning mouth, somewhat large, but having an 
undefinable expression of kindnetisaiid firmness. 

Tlieir first residence was at Moreton House, near 
Redruth, within a stone's throw of Murdoch's house, 
and but little farther from Watt's residence at Plane-an- 
Uuarry. Murdoch's house still stands, in Cross Street, 
Redruth; those still live who saw the gas-pipes con- 
voying gas from the retort in the little yard to near the 
ceiling of the room, just over the table ; a bole for the 
pipe was made in the window-frame. The old window 
is now repiijced by a new frame. Mrs. Trevjtbick had 
Kwu Mtirdocli nnco in lier bouse; be wns considered 
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a clever and agreeable persoB. Mr. Trevithick was 
friendly with him, but not intimate. Watt lived close 
by, but never came to tbeir boiiee. 

Moreton House was taken for a year, but after nine 
months* occupation, Camborne became their place of 
residence. Soon after their removal a demand wna 
made for a second yeai's rent for Moreton House. 
Trevithick threatened to shake the applicant; did not 
everybody know that he had left the house months 
before? "Perhaps so," said the man, "but you pro- 
mised to give me the key, and I have not got it yet." 
The key was found in some cast-off coat-pocket of 
Trevithick *8, and his carelessness cost him a year's 
rent. 

The Williamses, Foxea, and others, men of money and 
business experience, controlled the Gwennap district, 
and encouraged Watt to erect his engines in Cornwall. 
Trevithick, jnn,, belonging to the western or Camborne 
district, gave evidence against Watt's claim in 1796, 
and was then sjroken of as the tall and strong young 
man who cared not for Watt. 

The idea of working an engine by the pressure of 
steam flashed on his mind as a real and important dis- 
covery; his scientific friend, who was perfectly con- 
versant with Watt's engine, viewed it in the same light, 
though failing to trace its full practical bearing. "A 
puffer-engine would lose the power from vacuum, minus 
the power required to work the aii-pump, and the 
conveyance of condensing water." This was the me 
thodical answer of the man of learning, describing 
the difference between the low-pressure steam vacinim 
engine of Watt, commonly called steam-engine, and 
the proposed engine of Trevithick, relying on the 
pressure of steam for its power; but the latter saw its 

vol,. I. r 
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extensive range and value in a practical sense not 
dreamt of by his friend, and within a month several 
such engines were at work, some of which have con- 
tinued in constant operation almost to the present day. 
The new principle then discovered is unchanged, 
and is most prominently illustrated in the locomotive 
engine, where the vacuum engine of Watt could not 
be used. 
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An account- book, in Trevithick's writing, commences : — 

" 1797. To Ding Doug, for five weeka' attendance, at a guinea 
a week. 

"Ditto, fixing a 7-inch pole-case with new lifts and wood 
wind- bore. 

" 1798. Fixing, in Eaat Pool Mine, a 4^inch pole, &c. , 

" Ditto, the same in Prince William Henry." 

These and similar entries are frequent in what appears 
to have been commenced as Trevithick's ledger-account of 
outgoings and incomings on bis taking tbe post of chief 
mine engineer, made vacant by the death of his father. 
Men's wag&s are charged at numerous mines for putting 
in pit-work, building engine-bouses and boiler-houses; 
and various entries for wood, leather, pumps, &c., for 
pit-work. 

The increasing depths of the mines, and greater 
power of the steam-engines for raising water, necessi- 
tated a change in the rude, weak pit-work, with pumps 
made o'f wood hooped with iron, having buckets with 
leather-cup packing and valve which only raised water 
with the tipicard motion of the rods. Pistons without 
valves, similar to those used in steam-engines, worked in 
brass or iron pump-barrels, forcing the water upward with 
the downward movement of the pump-rods, reducing tbe 
strength and weight of the pump bucket-rods by one-half. 
Their descending weight about balanced the ascending 
water, while with the valve-bunk^t ptmip the rods bad 

I-' 2 
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to be KtroQg enoagh to bear their own weight and also 
that of the column of water. 

The practical cause of failure of the solid 
^l> . I piston was its liability to jam in the pump- 
Wf^ ' barrel by sand or gravel ; while the break- 
^Ef age of a leather-cup bucket, or leakage of 

its leather valvf, was apt to cause serious 
accident to the costly pump-rods, aod even 
to the steam-eDgiDe. 

The plunger-pole made useful in the 
Cornish mines by Trevithick, met all the 
requirements ; raising the water by the 
descending pump - rods, having great 
simplicity of structure, and freedom from 
breakage or liability of jamming. 

The great value of this invention or 
application is proved by its continued use 
in pump-work, precisely as erected by 
Trevithick in 1797. Plunger-polee, fitted 
to the ease, the latter having longitudinal 
grooves for the passage of the water, had 
been used in France ; but Trevithick's 
pluDger-pole worked in an imbored pole- 
des of which were not touched 
The upcast pipe shown close 
i^Kiflte?!"!!-""" *o *^'i^ ^op "^f *ho pole-case allowed the free 
ST^i /,*SS'tmi escape of air ; it is now, however, more 
•iw^^Jnriupj frequently attached to the bottom of the 
BttiMPPih pole-case. By leaving the jmcking in 

the stufhng box a little slack, air escapes; while a water 
cup on tlio top of the stuffing-box gland prevents the 
admission of air through the slack packing. 

" With the old atmospheric engine conimon bucket pumps 
W(*re tnuphijeti, thi< whole depth of the shiift l>eing divided into 
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several lifta ; and the rods of each pump, ascending separately 
to some distance above the topmost lift, were then united to 
one rod attached by a chain to the engine-beam. 

" When Watt's engine wua introduced, the pit-work remained 
pretty nearly the same, except that, instead of the long separate 
rods to each lift, one main rod was substituted, to whicli smaller 
rods were attached by ties, to work the pumps at the Tarioua 
levels where they were required. This arrangement has continued 
to the present day, and is much superior to the old plan."' 

'' Among other things, Murdoch projjosed the use of Sir 
Samuel Morland's plunger-pump in tlie pit-work, not as a 
general substitute for, but as an addition to, the lifting pumps, 
in order to suit tlie double-acting engine, by making the pumps 
double-acting also. In 1796, one of those was employed at Ale 
and Cakes, a mine now forming the eastern part of the United 
Mines." ^ 

Murdoch apparently used, in Ale and Cakes Mine, 
a plunger-pole to suit the particular requiremente of 
"Watt's double-acting engine. Trevithick's account, 
comnieucing in the following year, deals with plunger- 
pole pit-work, not as a makeshift, but as a principle 
on which pit-work in a mine should be constructed. 
He removed the old lifting-bucket pit-work and re- 
placed it by the plunger pit-work in several mines, 
in 1797. 

Probably neither Murdoch nor Trevithick knew of 
its having been j>atented one hundred years before, 
which takes from them the claim of invention, though 
the practically useful introduction rests with Trevithick. 

Gregory's ' Mechanics,' a much-esteemed book on 
pumpwork, speaks highly of Trevithick's temporary 
forcer, and gives a drawing of it. 

' Eny» " On the Comisli Engine," ' The plunger-pumj) wb8 iuvented by 
■Trans, InBt, C, B.,' vol. iii. I Sir Bamuel Morlimd, aiid patenled 

* Ibid. Appendix Q to Tredgold, by him in lfi75 (p. 115). 
Poll! 'On Curnish Engines,' p. 112. | 
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" Forcer, tcmporarj-, for a pump, is a contrivanee to produce 
a constant stream. A very simple forcer of tlib kind lias been 
devised by Mr. R. Trevithick; it consists in 6xing a barrel 
_ with a solid piston along the side of the common pump, iti audi 
a manner that the lower space of the ad- 
ditional barrel may communicate mth the 
space bet-ween the two valves of the pnmp, 
and lastly, by connecting the rods so that 
they may work together. The effect is, 
that when the pistons are raised the spaces 
beneath A and B become filled by the 
pressure of the atmosphere, at the same 
time that the upper column flows out at E. 
But again, when the pistons descend the 
valve C shuts, and consequently the water 
driven by the piston in B must ascend 
through A, and continue to produce aa 
equal discharge through E in the down- 
stroke." ' 

This combined bucket aud forcer 
pump, knowu under the name *'Trevi- 
Tn("a^™pir»p'ViS^ thick's puDQp," glves him the claim of 
" ""■ invention. His account - book, com- 

mencing in 1797, does not warrant the supposition 
that his plunger-pole pit-work was only then used' for 
the first time. 

The diffusion of useful knowledge was in those days 
so remarkably slow, that tlie managers of neighbouring 
mines went each his own particular course, in ignorance 
of changes and improvements that others were benefit^ 
ing by. Lean tells us that, 

"In 180J, in Crenver and Oatfields, in the parish of Crowan, 
he found the pit-work to consist of leathern buckets, with two 




' Ko. 7, N.S. Gr^ory's ' Mi-cliguicn,' p. I'M, vol. 
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or three piatouH, such as were at that time in general use for 
plungers, in a very bad state ; aud it may be safely asserted that 
the engines were idle at least one-third of the time, repairing 
the pitrwork and changing the buckets. And here he first 
introduced (what is now bo generally used, anil «'ith so great 
advantage) the plunger-pole, instead of the common box and 
piston, wherever he found it practicable."' 

It is evident that the plunger-pole, before Trevitbick 
took it in band, was a floating idea etruggling to 
become a reality. Its great value is in its simplicity, 
amounting to a principle, not generally known to the 
miners in Cornwall in 1801, as tbe pump to supersede 
all others, in deep mines. 

TrevithicU's first move was to meet the requirements 
Bougbt for by Murdoch — the lifting of wafer by the 
down-stroke of the pump-rods as well as by the up- 
stroke, exemplified in the temporary forcer, in which 
the pump-bucket, with its valve, and the solid piston, 
were placed side by side, one common bottom-valve 
serving for both pumps. The result of tbe combination 
was a constant upward stream of water and the non- 
necessity for tbe top valve in the water column ; the 
water from the force-pump barrel passed up through 
the bucket-valve in tbe pump-bairel on the down- 
stroke, while the up-stroke propelled the wafer from tbe 
pump-barrel. Grregory calls it tbe "Trevithick forcer, 
temporary," as though it was soon to be replaced by tbe 
still more simple plunger-pole. 

The pole-case was a plain casting with a box for the 
hemp packing; the pole was a cast-iron pipe turned 
on the outside, and fixed like a ferrule on the end 
of the pump-rods. Two valves formed of two plates 



' lusat's ' Hintorical t^tntuniont uf 8tuim-?!iigincs in CuruwiiU,' publishul 
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of irou, with a piece of leather between them, the 
lower plate being less in size than the upper, caused 
the leatlier to form the face of the ralve, making it 
water-tight without emploving ekilled labour in its 
construction. 

The perfect sirapUcity of each small part, built on 
ideas partly new and partly seen or heard of before, 
but scarcely traceable, constituted the invention. 

" Mrs. Dennis recollected Mr. Trevithict at Ding Donj^ 
about 1797 fising bis new plan of pomps there, and at Wheal 
Ualkin and Wheal Proridcnee, adjoining mines. Her parents 
lived at Madron, near these mines, and for two or three yeara 
Mr. Trevithick came frequently to superintend the mine-work, 
staying at their home a few days, or a. week at a time. He 
was a great favourite, full of fun and good-humour, and a good 
fltory-teller. She had to be up at four in the morning to get 
Mr. Trevithick's breakfast ready, and he never came to the 
house again until dark. In the middle of the day a person 
came from the mines to fetch hia dinner; he was never pai^ 
ticular what it was. Sometimes, when we were all sitting 
together talking, he would jump up, and before anyone had 
time to say a word, be was right away to the mine." ' 

" Henry Clark went to work in Dolcoath smitlis' shop in 
17!J!t. Oaptain Trevithick was putting in a plunger-pole lift; 
everybody said it would never answer, but the same hit is 
working there to this day (18C9). Before that time tliey used 
buckets and pistons packed with gasket and a ring screwed on 
it ; tbey used to jam with sand and gravel." " 

Trevithick followed up the application of his new 
plunger-pump with such energy, that during the sue- 
cccding four or five veal's several of the principal mines 
had removed their old bucket-lifts, to make room for the 
new plunger-pole lift, and among them Dolcoath Mine. 
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In 1798 Trevithick, by one of tbose moves common 
to master-minds, converted the outline of the plunger- 
pole pump, serving as the agent of the ^team-engine, 
into its rival as the prime mover in positions command- 
ing a stream of water through pipes from elevated 
ground. In this new position it was called the water- 
pressure engine, and its first erection was in Prince 
William Henry Mine,' for giving motion to the pump- 
rods. The pole and case took tlie place of the cylinder 
and piston of the steam-engine, and were fixed over 
the mouth of the shaft. The pole working through a 
stuffing box on the top of the pole-case, had a cross- 
head, from which two side rods descended to the pumi> 
rods ; water was brought in iron or wood pipes from 
the neighbouring high ground, and being admitted by 
a val\-e to the bottom of the pole, caused it to perform 
the up-stroke ; the release of the water from under the 
pole allowed the weight of the rods to cause the down- 
stroke. This first Cornish water-pressure engine con- 
tinued to work satisfactorily for t-eventeen years, when 
it required repairs, and was re-erected. 

"Captain Joseph Vivian, the mnnager of Roakear Mine in 
1868, also worked there in 1815, when they re-erected the old 
wat«r-presBure engine that Trevithick had first put up in 1798. 
It was spoken of as the first wator-prcssiu'e engine ever erected 
with a pole and side rods. The water was brought through 
pipes for working it." 

" Mr. Symons, when a boy, in 1804 or 1805, nsed to amuae 
himself by placing a handkereliief on a plug in the wooden 
water-pipes with iron bands, bringing water down from Camkie 
to work Captain Trevithick's water-pressure engine at Wheal 
Pniid. By looseniDg the plug, it Sew ^m the pipe up into 



' In Watt'a time tailed Wheal Chance; than Princt! William Henry; and 
n the present diiy Roskear Mine. 
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i hntSkgwetaet wf witk h, to tlie great fim 
at tlie hajw; only KBKtne^ vfc^ tbe fgme— ooold rar- 
ffiK tliem. thfej had Ae rafic'f trnd,"' 

Bees' ' C}'clop3edta * thus speaks of TreTithick's Wheal 
Dmid prcasure-engine, at the foot of Cam Brea Hill, 
clow to hu home of bovhood, and nofw knowo as Cam 
Brea Mine :— 

" A very oomplete preMBo nx a gi ae was erected br Sir. Treri- 
tbick at the Dnud copper mine in Ulogan. near Tniro, in 
Cornwall; it acted with a double power, that is, the piston 
preirare was Gist applied to ooe side of the pistoa to force it 
ap, and then on the other to force it down, in the same tnamieT 
as a doDhle-acting stesm-engine. It acted by two slide-ralres 
instead of one, but thejr vere so made that one opened rather 
before the other shot, and thi^ though it wasted a small qaantity 
of water by permitting it to escape, prevented the coneassion of 
stopping the column of water, wliich indeed is always in motion." 

"Mr, James Banfield' in 1818 was employed in >Vheal 
Clowance Uine; thepnmpswere worked by Captain Trevithick's 
water-pressure engine. It had a pole abont twelve inches in 
diameter, working in a pole-caae ; two side rods went down 
from the cross-head on the lop of the pole, to a cross-head under 
the pole-case ; to this bottom cross-head tlie pump-rods were 
joined ; the cross-beads worked in wooden guides ; there was a 
bahtnce-bob from which a plug-rod worked the valves, which 
had gear-handles just like a steam-engine. The engine was 
fixed underground at the adit level ; the head of water camo 
from Clowance Park. Several similar engines were then at 
work in the Cornish mines ; they used to be called Captain Dick's 
preflsure-engiuefi," 

The temporary forcer pump was a combination of 
pumpbucket and solid forcer piston. Before it had 
time to be practically established in general use, it was 
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followed by the plunger-pole pTimp. Tlien civme the 
pole preseure-engine, tor giviug motion to the plimger- 
pole pumps, followed by the Druid Mine double-actiug 
pressure-engine, with solid piston, and water pressure 
acting both on its up and down stroke like the Watt 
Bteam-engine, but using water pressure and vacuum in 
lieu of steam and vacuum. 

The pressure-engine described by Eees was double- 
acting, having a piston in a cylinder ; that by Banfield 
was single-acting, with a pole, of which several were 
at work in Cornwall in 1815, and were known as 
Captain Trevitbick's pressure-pole engines. 

Gregory's 'Mechanics,' published in 1806, gives a 
drawing and full particulars of Trevitbick's Wheal 
Druid pressure-engine, 

"Pressunj-engiues for raising water by the pressure aud 
descent of a column ouclosed in a pipe, liave beeo lately erected 
in different parts of tbis country. Tiie principle now adverted 
to was adopted in some machinery executed in France about 
1731 (see Belidor de Arch., Hydraul., lib. iv., cli. i.), and was 
likewise adopted in Cornwall about forty years ago. But the 
pressure - engine of which we are about to give a particular 
description, is the invention of Mr. R. Trevitbick, who pi-obably 
was not aware that anything at all similar had been attempted 
before. This engine, a section of which, on a acala of a quarter 
of an inch to a foot, is shown in PI. xsiii., "as erected about six 
years ago at the Druid copper mine, in the parish of Illogan, 
iT Trnro. A B represents a pipe (J inches in diameter, through 
which water descends, from the head, to the place of its delivery, 
to run off by an adit at S, through a fall of 34 fatboius in 
the whole ; that is to say, in a close pipe down the slope of a 
hill 200 fathoms long, with 26 fathoms fall ; then perpendi- 

Icularly 6 fathoms, till it arrives at B, ami theuce througli the 
engine from B to B 2 fathoms. At the turn B the water enters 
into a chamber C, the lower part of whidi tf.Tminates in two 
brass I'ylinderis 4 inches in diiimt'tcr, iu uliii.-li two phlgs or 
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pistons of lead, D and E, are capable of moving up and down by 
their piston-rodfij which pass through a close packing above, 
and are attached to tlie ex- 
tremitiea of a cbain leading 
over, and properly attached 
to the wheel Q, so that it 
cannot slip. The leaden 
pieces D and E are cast in 
their places, and have no 
packing whatever. They 
move very easily, and if at 
any time they should be- 
come loose, they may be 
spread out by a few blows 
with a propLT instroment, 
without taking them out of 
their place?. On the sides 
of the two brass cylinders, 
in which D and E move, 
there are square holes, com- 
municating towards F and 
Gr, which is a horizontal 
trunk or square pipe, 4 
inches wide and 3 inches deep. All the other pipes, G, G, 
and B, are 6 inches in diameter, except the principal cylinder, 
wherein the piston H moves ; and this cylinder is 10 inches 
in diameter, and admits a 9-feet stroke, though it is here deli- 
neated as if the stroke were only 3 feet. The piston-rod works 
through a stuffing box above, and is attached to M N, which is 
the pit-rod, or a perpendicular piece divided into two, so os 
to allow its alternate motion up and down, and leave a space 
between, without touching the fixed apparatus or greatcylinder. 
The pit-rod is prolonged down into the mine, where it ia 
employed to work the pumps, or if the engine were applied to 
mill-work, or any other use, this rod would form l!ie com- 
munication of the first mover. K L is a tumbler, or tumbling 
bob, capable of being moved on the gudgeons V from its present 
position to another, in which the weight L shall hang over with 
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the saiDe inclination on the opposite side of the perpendicular, 
and consequently the end K will then be as mnch elevated ae 
it is now depressed. Tlie pipe II S has its lower end immersed 
in a cistern, by which means it delivers its water, without the 
possiLiility of the external air introducing itself, so that it cou- 
fltitutea a Torricellian column, or water barometer, and renders 
the whole column from A to S effectual, as we shall see in our 
view of the operation. 

" Let us suppose the lower bar K V of the tumbler to be hori- 
zontal, and the rod P so situated as that the plugs or leaden 
pistons D and E shall lie op^wsite to each other, and stop the 
water-ways G and F ; in thiu state of the engine, though each 
of these pistons is pressed by a force equivalent to more than 
1000 lbs., they will remain motionless, because these actions 
being contrary to each other, they are constantly in equilibrio. 
The great piston H being hero shown as at the bottom of its 
cylinder, the tumbler is to be thrown by hand into the position 
here delineated. 

" Its action upon P, and consequently upon the >vheel Q, 
draws np the plug D, and depresses E, so that tho water-way G 
becomes open from A B, and that of F to the pipe R ; the water 
consequently descends from A to C, thence to G G G, until it 
act« beneath the piston H. This pressure raises the piston, and 
if there be any water above the piston, it causes it to rise, and 
pass through F into R, During the rise of the piston (which 
carries tlie pit-rod M N along with it), a sliding block of wood I, 
fixed to this rod, is brought into contact with the tail K of the 
tumbler, and raises it to the horizontal position, beyond which 
it oversets by the acquired motion of the weight L. The mere 
rise of the piston, if there were no additional motion in the 
tumbler, would only bring the two plugs D and E to tho [losition 
of rest, namely, to close G and F, and then the engine would 
stop; but the fall of the tumbler carries the plug D downwards, 
quite clear of the hole F, and the other ping E upwards, quite 
clear of tiie hole G. These motions require no consumption of 
power, because the plugs are in equilibrio, as was just observed. 
In this new situation the column A B no longer communicates 
with G, but acta through F upon the upper part of the piston 



i 



rCMT Am WATI»nEBa8DlB EXGIXK. 

B, aad ^fnmn it; vUe the ta u UMm at the great cylindi-r 
lnMiilfc tiMi firtoa «• dmea amt tfcraa^ GGG. and pass 
Omagfa dw opeu^ at E tBlo K. 

" It mtcf be o h mrr t A that the taj— which acts against the 
fiiitoa w amtted hj the |Hi.wMWjt <tf the atmoapbere, reodered 
aetrre bf the eotainB at mmter haa^ng in B, to whicli that 
aMMting p wa wtte is eqoivaleiit, aa faaa alreadj htea noticed. 
When the fittaa iam descended throogh a oertaia length, the 
alide or Uoek at T, upon the pit-nd, applies against the tail K 
of the tumbler, whtcb it dcpreaaes and again oversets ; producing 
onoe more the position of the pings D E, here delineated, and 
the conaeqaent ascent of the great piston H, as before described. 
The ascent produces its former effect on the tumbler and plugs ; 
and in this manner it is n'ident that the alternations will go on 
without limit, or until the uuin^er shall think fit to place the 
tumbler and pluga DE in liie position of rest, namely, so as to 
Nt'ip the passages F and G-. 

" The length of the strobe may be varied by altering the 
jfosition of the pieces T and I, nhieh will shorten the stroke the 
nearer they are together, as in that case they will sooner alter- 
nate upon the tail K. 

" As the sudden stoppage of the descent of tlie column A B 
ftt the instant when the two plugs were both in tlie water-way 
might jar and nhake the apparatus, these plugs are made half 
an inch aliortor than the depth of the aide hules, so that in that 
ease the water can escape directly through both the small cylin- 
ders to it. T!iis , gives a moment of time for the generation of 
the contrary motion in the piston and the water in CrCrG, and 
greatly deadens the concussion which might else be produced. 

"Some former attempts to make pressure-engines upon the 
principle of the steam-engine have failed, because the water, not 
l>oing elastic, could not be made to carry the piston onwards a 
little, 80 OS completely to shut one set of valves and open another. 

" In tliG present judicious construction the tumbler performs 
the office of the expansive force of steam at the end of the stroke," 



The lieuil of water at Wheal Druid had a fall of 
201 fivt. Tlic desifjii of tlie valve-box alone sliowed 
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genius sufficient to place a man above his fellowa. 
Two cylinders of brass, easily fitted up, two leaden 
piston-valves, cast in their places, without any fittings, 
which in case of wear could be hammered out to the 
necessary size without taking them from their places. 
These two valves were moved by a piece of flat chain 
passing over a pulley, attached to a wooden lever, with 
a balance- weight judiciously placed, called a tumbling 
bob. 

The operation of these simple valves was that each 
of them bearing a pressure of more than 1000 lbs,, 
worked as balance-valves with little weight or friction, 
or wear and tear, and enabled the engine to change its 
direction of stroke without jar, and without materially 
stopping the downward flow of water in the supply- 
pipe. The plugs, since called by modern inventors 
cylindrical sHde-valves, being made half an inch shorter 
than the water passages in the brass cylinder, or valve- 
case, turned the water pressure from the main cylinder 
into the waste-pipe during the moment of time occupied 
in changing the direction of the stroke. This one little 
point in the engine was thus valued by Gregory: — 
" Some former attempts to make pressure-engines upon 
the principle of the steam-engine liave failed, because 
the water, not being elastic, could not be made to 
carry the piston onwards a little, so as completely to 
shut one set of valves and open another. In the 
present judicious construction the tumbler performs 
the office of the expansive force of steam at the end 
of the stroke." The bottom end of the waste-water 

I pipe emptied into a cistern 12 feet below the engine, 
to prevent air from going up the pipe. The weight of 
water, therefore, in this pipe gave a vacuum in the 
working cylinder of several pounds to the inch. This 
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appareutly email engine was of great power, the pres- 
mire Wing about 100 lbs. to the inch on tlie piston, 
giving 3 force of three or fonr tons, thrown rapidly up 
and down the long stroke of 9 feet. 

Trevitliiek was for several years the engineer and 
part proprietor in Trenetliick Wood Mine, and intro- 
duced his improved plunger-pole pumps, worked by 
bin piston water-pressure engine. The cylinder waa 
17 inches in diameter, with a stroke of 9 feet, double- 
acting, worked by a four-way cock, made of brass, in a 
braHH Hhell. An air-vessel was suggested to remove the 
fihock of the change of movement in the column of 
water. The head of water was 78 feet, giving a power 
of nearly four tons. 

The drawing of this engine, still in the possession 
of the Honourable Mrs. Gilbert, of Trelissick, wa« 
made by Trevithick, and gpven to his friend Davies 
Qilbort (then Giddy), who wrote the following par- 
ticulars on it : — 

"Drawing of the pressure-engine, erected on the mine in 
Trcncthick Wood, near Helston, 1799. Given me by the 
oiiginoer, Mr. Richard Trevithick. The fall of water is 13 
fathoms ; the engine works double ; a 9-feet atroka The parts 
Rrfi,— B tube communicating with the head of water ; the 
oylindor or working piece ; a tube communicating at the bottom 
with till) cylinder; and a tube acting as a siphon, and thas 
adding the lengtli of tlie cylinder to the head of water. "NATien 
thu «K'k 18 turned, as here represented, the water from the 
tub«' ptvascs on tho piston in the cylinder. The water under 
tho [tUUm is forced up tho tube, and flows down the siphon. 
Whi'u tho eock ia turned a quarter round, the water from the 
tuK' is im'ssed down tlie tube ; from thence acts against the 
under surfae© of tho piston in the cylinder. The water above 
tho piittitn i<«vApe« into the sifJioii. 

" A'-B.-— An air-vesst'l may be adapteil to the tube, and Ihus 



PLDNGER-POLE PUMP AND WATER-PRESSURE ENGINE. 81 

the flow of water readered almust uniform, notwithstanding tho 
checka of the engine. The apertures through the cock i 
nozzles are made one quarter of 
the cylinder." 

The balance- valves are 
here replaced - by tbe four- 
way cock. The simplicity of 
form and parts leads one to 
pass by this machine as 
merely a few pipes bolted 
together ; but its great power 
and economy in working led 
to its use in other than 
Cornish mines. 

" At a meeting of tho Hill-Carr 
Sough proprietore, held June 
25th, 1801, it having been re- 
presented to the metting that 
presBure-engines of the descrip- 
tion proposed to be erected near 
Yonlgreave, are now in use in 
Cornwall, where they give great 
satisfaction, and Mr, Uichard 
TrcTi thick, the engineer who 
erects them, having made an oifer 
to come to view the mines paying 
composition to this Sough, nii 
condition of the expenses of his 
journey being paid; and that in 
case of not contracting for the 
erection of the engine, he would 
furnish us with drawings and 
every iuformutton gi-ntis, 

"March -Zbih, 1802. — At a 
meeting this day, the adjourned 
question respecting the propriety ' 
of erecting an engine to lift Ihc 

VOL. I. 
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MtilMle «r M M«w far a Bft ^ 8 fitfkoM. 

"Um ademgaed pufithai «giee ta mseeft the abore 
pwytwli <■ eoaJkioB tlwl Um whole of the e^ieiiia dall not 
•VMdIWW. 

" la dw nekon^ far the qurter eodiDg 27th llarcb, 1602, 
tit* Hill'CuT Soogjb aod tbe Shioia^ Songh partDers each ^j 
lai^ M Iwlf of tbe sxpeOKs of Hr. Trerithk-k in making a plan 
ftir an cn^ne, aod Uir ccmii^ orer oat of ConiwaU with it ; 
UtgKthi^T 'Ml. 

"At H meidiag htM March 3l8t, 1803, Mr. Itii^hard Trevi- 
tliii-k having ap{M>arod, and prodaeed estimates of the presBure- 
tiiigiriR, und bIid of a wheel calculated to lift the wliole of the 
wator in tho Itlock Shale Pit and Ga; Veiu Oates to the depth 
of 8 fathoma, from whii.-h it appeared that the expense of the 
proMure-ongino was ham, itiid also came ret^ommeuded hr Mr. 
'I'rovi thick in preference to the wheel ; it was nnanimously 
ordf^rod tlmt tho former ahonld be adopUKi, and the whole and 
cntirit tiiaiiii(;t>iii(iiit of it be entrusted to Mr. TrcTitluck, pur- 
Nimiit to tlio coiidiliona wljich he required." 

At IV iiiout.iiij;, .Iiiiie 28tli, 1804, allusion is made to 
thu uiifi^liio tlieii being erected. 

Hiiir ft coiilury had jHisaed since these resolutions of 
tliy miuiiigorH of tho Derbyaliire lead mines to entrust a 
(\iiiiisli eujfinoor witli their drainage, when the fol- 
low injr iioticio wnsutt^iclied to this memorable old water- 
Itn*!^!!!^ ongiiie, — "NovomWr, 1851, Messrs. John 
Tuylor imd Smw advertise for sale the various engines 
mill jMUinw in those old mines;" and in 1S52 they 
w'Oiv drawn up and si^Id, Tr«vithick's engine going to 
the sw«j.>*i»ilp after fifty worfciiig years, 

~ Altokt, aat EiKE«xt.L, 
"• l»RA»l Sir. - Jlvrk Stlk, 1869, 

* I Ml (iWl to kMtni by vxou- Unm of ^ ^It that the 
|>*HWttW« 1 w>nt vi the i^vvwnxi^iw wtU be of serrkv, and 
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that, with some help from Mr. Darlington, you will be enabled 
to make a drawing of it. TJiere is une thing I believe I have 
not named, it is that this engine haa many times worked for 
fifteen or sixteen weeks together, without missing a stroke or 
being stopped for any purpose (a inonient once or twice a day, 
I do not recollect which) but to oil the bearings. The water 
was very clear and did not wear the valves and gearings of the 
buckets very mneli. 

" Yours truly, 
■'F. TREviTaiiK.K-sq." "Samuel Bennetts. 



"MiSEHA, near Wresham, 

" Dear Sir, " iii Mai-ck, leeo. 

" The sketch you have seut me of Trevithick's engine is 
perfectly correct, and I can only answer the questions asked in 
your letter, 

"The pump-work at the Alport mines were two 33-inch 
drawing lifts, connected above the cylinder to the piston-rod 
by a cross-head; the bottom of the cylinder was at the adit level. 
The tumbling beam for working the boxes or valves was fixed 
about 12 feet above the revolving wheel, mth a small rod 
connected to a short lever fiied to the axle of the revolving 
wheel. The tumbling beam was worked hy two tappets, screwed 
on the rod that was connected with a powerful balance-beam on 
the surface. This rod was also connected with the cross-head 
below, stayed, or worked through guides, as the ordinary Cornish 
pit- work. 

" Tlie water for working this engine descended to the piston 
below, from the surface, through a 15-inch downfall column., 
about 150 feet in depth. The regulating valve to this engine 
was on the surface, and the water was turned on according to 
the necessary speed of engine. I hope you will see how to 
form your sketch of tliis engine from what is stated above. If 
there is any otiier question you wish to ask, I will endeavour to 



' Yours very truly, 

".loHN DaBLINQTON. 
G 2 
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Mr. J. Griynn, in a report on water-pressure engines, 
flays : — 

" The first water-pressure engine used in England was erected 
by Mr. William Westgarth, at a lead mine belonging to Sir 
Walter Blacket, in the county of Northumberland, ia the year 
17(J5. The piston was attached by a chain to the arched head 
of the beam, working jnat like the atmospheric steam-engine. 
Mr. Smeaton suggested to Westgarth tlie use of a stuffed collar, 
which he used with success. In 1770 Atr. SmeaUin made a 
small water-pressure engine for supplying Lord Irwin's resi- 
dence, closing the cylinder-top and using the piston-rod with a 
stuffed collar. 

"After Mr. Smeaton's time the water-pressure engine seems 
to have remained in abeyance, and I am not aware that any 
more of them were made until Mr. Trevithick revived their 
use, in constructing several water-pressure engines, one of which 
was erected in Derbyshire in the year 1803, and is still, I 
believe, at work (in 1848) at the jVlport mines, near Bakewell, 
to which place it was removed from its original situation, not 
far distant." ' 

Trevithick thus speaks of it, in a letter written at the 
commencement of 1804; — "It has been at work about 
three moiitlis, and never missed one stroke, except when 
they let a tub swim down the descending cohimn." 

In a subsequent letter he complains of non-payment 
for his foreman's attendance and travelling expenses, 
and for the wages of the men he sent, adding, "If 
they found fault with the engine there would be some 
reason for not paying, but tliey say it is the best in 
the world." 

The cylinder was 25 inches in diameter, with a 
10-feet stroke, in which the water cohimn gave a prea- 



-' 'Report m Wntei^prcngure Kn- , the Ilritish AsBociatitm for the Ad- 
giuea,' by Jusi^vli Glynn, K.R.8., I vanceiiiCTit of Scimce, 1849. 
M. Itist. C. K,. &C. I-ublisliffl l.v 
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BTire of 75 IIjb. on the square inch ; and was fixed under- 
ground at tlie adit levul, 48 feet iiimve the bottom of the 
mine, giving motion to two large pnmpa, each 33 inches 
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in diameter, with a stroke of 10 feet, lifting water a 
height of 48 feet. 

This pressure-engine was double-acting, or of equal 
power on the up as on the down stroke ; the pumps 
gave their weight only on the iip-stroke. A balance- 
bob placed at the surface equalized the powers; the 
descent of the weighted box assisting the up-stroke 
of the pump-rods. The valves were nearly the same 
as in the Druid pressure-engine. The water raised in 
the pumps was equal to the combined effect of the 
descent of the balance-weight together with the upward 
stroke of the pressure-engine. 

This early machine, working night and day for half 
a century in the bowels of the earth, exerted a power 
greater than the large and overrated steam-engines of 
Watt. 

Trevithick'a water-pressure engine had a force of 
about 16 tons; the Watt Dolcoath great engine, with 
its 63-inch cylinder and effective pressure of 10 lbs. 
on the inch,' had a force of 14 tons, but this was only 
exerted on the down-stroke, the engine exerted no 
power during the up-stroke. The water-pressure engine 
to do the same kind of pumping-work gave out power 
from both the up and the down stroke, a compound 
stroke giving a power of 32 tons. This simple, durable, 
and cheap water-pressure engine, with all its dis- 
advantages of position, was thus more than twice 
as powerful as the great Dolcoath steam-engine of 
Watt. 

The writer has introduced this lengthened account of 
the plunger-pole pit-work and the water-pressure engine 
to make good a seeming void in mechanical history. 
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The former is still imiveraally used, the latter has to 
eome extent been put aside for the more easily applied 
steam-engine, though the writer in 1831, at the Hayle 
Foundry, made drawings for a lO-inch pole water- 
pressure engine, 7 feet G inches stroke ; the pole-case 
1 inch larger in diameter than the pole; the head of 
water was 300 feet, giving a pressure of 150 lbs. on the 
inch; the inlet and outlet valves were 4^ and Scinches 
in diameter, double-beat, worked by a plug-rod and 
cataract ; the general outline was a copy from Trevi- 
thick'a work of thirty years before. 

A thorough knowledge of mechanical movements 
was one of Trevithick's greatest acquirements, and the 
correct application of the mechanical powers a matter 
of comparative ease in his hands. His Wheal Druid 
engine worked at a pressure of 100 lbs. on the square 
inch — a force but seldom used in our modern stationary 
engines. It must he considered that, not only was he 
single-handed in his daring inventions, but, at a time 
when wooden pipes were still much used in water-works, 
and iron pipes and machinery of very rude construction, 
he was compelled to turn manufacturer, oftentimes 
having to utilize the larger portion of an old machine 
in the construction of a new one. 

The following tradition of Mr. John Harvey, the 
father of Mrs. Trevithick, and founder of the Hayle 
Foundry Engine Works one hundred years ago, opens 
our eyes to the immensely greater difficulties in the 
path of the engineer in those days as compared with 
the present time. Trevithick, sen., is spoken of in a 
former chapter as having gone to Bristol and elsewhere 
for iron pipes in 1775; for the use of iron had not at 
that time wholly driven out the wooden pipes from the 
Cornish mine pit-work. 
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"Od k Saniaj BMnng:, in Uk rear 1770, a nch frirad of 
^ Mr. It«nref'« caaie into his araiths' shop, at Camlu-U Gtvea, 
luTing loit ooe of hia ailrer alioe-lMickles when takiog: a nia 
witli Ilia beaglea before charch time, and said, ' How can I go 
to clinrch with one buckle? ' 'Give rae one of roar old siiTer 
■pooiia, and lend me that backle, and I'll soon set yoa op 
again,' said John Harrey. The rich man t«'as pleased, and 
■aked what bis friend would do if be bad some of his money. 
' Vfhy, go down to Foondry, and make cast-iron pumps for 
Trevithick's mines in place of the wooden ones.' 

"Another story says, that Mr. Jolin Harrey went ap the 
country to see how castinga were matle. Having been re- 
fused admittance, be dressed in rude clothes, feigned to be 
half-witted, idled about the doors of the foundries, singing 
songs, and now and then ventured in; offering to carry 
water, or errands, and so discovered how to make cast-iron 
pijwB." ' 

■' Aire, Edwards, of Perran, in St. Hilary, when a girl, used 
to go with ItetBy Edwards to Hallamauin Mine when she 
carried dinner to lier father and brother, about 1798. They 
worked iu the carpentfrw' shop, boring out the wood pumps, 
and we used to rarry home the borings for lighting the fire. 
Captain Trevithick was the engineer. I recollect him very 
well ; ho was a tall, thin man. It was alwiit that time that the 
Bnimagem company had to give in, and Ca|itain Trevithick 
started the mine again." * 

ThiB was one of the numerous mines in which the 
Watt low-pressure and Trevithick high-pressure fights 
were contested, on the first working of high-pressure 
steam-engines. 

It is curious tiiat this Liattle-ground was within a 
mile of the heap of stones forming tlie grave of tiie old 
granite l>oiIer at Gwallon Mine, and but a little farther 
from Ludgvan-lez, where Newcomen had erected one 
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of his earliest atmospheric engines, which in course of 
time was replaced by a Boulton and Watt — the old 
mine-heaps are now called Wheal Boulton — while just 
across the valley, at Hallamanin, worked a Trevithick 
high-pressure steam-engine. 
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C^APTER VI. 



mOH-PRESSDBE WHIU-EKGIKB. 

Trevithick's account-book gives : — 

" 1798.— To Prince William Ueury, for a boiler, 3Si. 

" 1799. — To a boiler for new engine at Roaewali, 217. 

" To the same, for Wheal Seal-hole little engine, 21^ 

" 1800, — For carrying the little engine to Wheal Hope, 10s. 6(1. 

"To Arthur Woolf going to London as engine fireman with 

Shellaad engine, at 30^ a year. 

" To received 350 guineas from Mr. Millett for a steam-whim." 

A short time ago the writer visited St. Agnes Head 
in search of evidences of times gone by. A miner,' in 
an almost idle mine, said, "This is Polberrow New- 
Adventure; that engine works in Seal-hole shaft, but 
old Seal-liole shaft, a few yards to the west, where 
Captain Dick Trevitbiek put his puffer-engine, has run 
together. Them pit-holes and shafts we do call old 
men's workings for tin before steam-engines were 
made; they do go down from 10 to 40 fathoms to the 
old adit in the cliff above the sea." 

The models of 1796 grow rapidly into the practical 
high-pressure steam-puffer engine of 1798, and became 
active rivals of the low-pressure steam vacuum engine. 

In 1800 a high-pressure portable steam-engine was 
carried in a cart to Wheal Hope, and one was sent to 
London in charge of Arthur Woolf, the well-kno%vn 
engineer. In the same year the first high-pressure 

' f«pl. Robert Hancock. 




6t«am-n-him «as made ibr Mr. ilJUett, at a 
tively small cost. 

This laUer applicatioQ of steam, to — pe w ede Ae 
borse-whim id raiong mineral from tbe dttfta, vas of 
great importance to tbe min^'. Ad <iii tcoovnUboA, 
in Cook's Kitcbea iline, has entries bearing' an Treri- 
tfaick's doings at that period. 

" 1798, June 23rd,— A amj hdd for Bettiiig the wsnap, 
Itoger's and BrambUm's whim^ en Dimkm's lode, to draw hf 
the liDodred kibbals for <«e year ; and if the adventorere AM, 
dnriiig this time, thiok it propsr to erect a steam whim or 
whims, to draw ont of any shaft or diafts, thoi this contract to 
be Toid. Signed by nioe working men, and one -j-, and by 
CnptAin Joseph Yirian for adrentnrers. 

" 171*9. — ^The above agreement renewed for another year. 

" 1803. Jfny. — To Tboraas Tyack for nuting smith's work 
for the steam-whim." ' 

Trevithick then believed himself to be tbe originator 
of the steam-whim ; but a memoiandtmi, written by 
him in 1830, has the following note : — 

" 1 have since heard that Boulton and Watt had before erected 
a steam-whim at Wheal Maid, which did not go well, and soon 
ceased to work," 

William Pooly, working in Dolcoath, says : — 

"1 worked iu this mine, in 1816, a whim-engine, which they 
used to say was first pat up in Wheal Moid, in Gweonap, by 
Boallon and Watt. I never heard what date it was; hut 
people said it was the first steani-whim ; (hat she was sent from 
Gwenuap to Wales, and when Boulton and Watt were at the 
Herland mine with their engines, she was brought back from 
Wales and tried at Herland ; she was moved from Herland and 
tried at Dolcoath, about 1816, when I worked her ; she worked 
with the old Boulton and Watt hearse-boiler. Several of Captain 
Trevilhiek'a high-pressure whims were, before that, working 

' Kxtracts from book in Cook's Kitehen Mine iu 1B70. 
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close by. some condonstug and one or two pufifers. Captain 
Trevithick'u boiler was like a caat-iron cylinder, with the firo- 
door in one end, and tlie steam-cylindur in the other end ; two 
rods fitnnding oat from the cylinder end for guides, and a 
connecting rod going to the crank." ' 

Mr. Hugh Hunter, tlie oldest workman in the mine, 
Bays: — 

"I have been tlie foreman carpenter in Cook's Kitchen 
for sixty years, I went to the mine in 1802 or 1803; 
Captain Trevithick's whims worked there then ; one was on 
Chapell's shaft, another on Bramblam'a, and one called the 
Valley -puffer. CLapeU'a engine, or Bramblam's, had two 
cylinders, and a double crank ; the whim-cage was fixed high 
up, near the roof. The engines were fixed on to the boiler; it 
was something like the present boilers in Rhape. The piston- 
rod cross-head worked in guide-rods iixed to the cylinder; 
connecting rods went from the cross-lieada to the cranks. 
Steam was turned off and on by a fonr-way cock. I recoUect 
the engine, because the two cranks going one after the other 
was a new thing ; and I recollect the valley engine, because 
she was a puffer, and you could hear her for miles. I can't 
recoUect the kind of the third engine. They used to be called 
Trevithick's first steam-whims."* 

This is the first mention of a double-cylinder high- 
pressure steam-engine in Cornwall, and it used the 
blast -pij>e. Similar engines were erected in Wales 
about the same time.' 

*' I am eighty years old, and still work in Dolcoath; in 1S15 
1 worked the valley-puffer engine ; the cylinder was horizontal, 
and fixed in the end of the boiler; tlie piston-rod worked in 
guides, not much above the ground, with a connecting rod from 
the cross-head to the crank on the winding cage. She puffed the 
waste steam into the air ; the two other whims, dose by in Cook's 
Kitchen, condensed ; they were at work long before I saw them." ' 



' Narnvt&l in 1809. 
" Mr. Uugli Hunler livol n 
I IfMiO. 



Ptiol chap. 



' Sec Mr. Crawahav's atatemcut, 

ai-, ix, 

* Nurr-ilcd by Jolin Sniith, 18tiO. 
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"Jame3 Hosking, working in 1809 one of Trovithick'a first 
lot of steam-wliitna in Cook's Kitchen, knew the engine in 
1838 ; she is exactly the same now as then. I wouldn't wish to 
work a handier engine ; yoii need not move from your seat, 
except to put coals in the boiler. Mr. Samuel Hocking, the 
engineer, looked in a Jay or two ago, and said he had known 
her for fifty years, and could see no difference in her." 

"Captain Charles Thomas, the manager of Cook's Kitchen, 
soys, the engine was erected by Trevithick in 1800 or 1801, 
It works extremely well with 25 Iba. of steum, and promises to 
do so for many years, and draws six kibbals i>er hour from tho 
264-fathom level. Tho gross weight, inchuling the chain to 
the bottom of the shaft, is 70 cwt. ; the mineral in each kibbal 
aboat 6 or 7 cwt." 



These facts raise a question of much inter&st in meting 
out the just reward of praise to the improverB of the 
rotary steam-engine. 

Did Trevithick construct the first engine using a 
crank in Cornwall ; and had he ever seen an engine 
with a crank before that of his own construction ? 

Watt's Wheal Maid failure, a low-pressure steam 
vacuum engine, erected about 1784, with siin-and-planet 
wheels, may be taken as the first rotary engine in Corn- 
wall. Trevithick was a boy, and neither saw it nor 
heard of it ; and moreover, it had not a crank, neither did 
tlie crank form a part of the steam-eugine for some years 
after that date, and it certainly was not seen in Cornwall 
tintil Trevithick constructed his high-pressure st«am 
models, working with a crank, in 1796. He had never 
been out of the county until about that time, when he 
went to London to give evidence in the Watt Patent 
lawsuits, rie probably heard of the crank disputes 
between Watt and Waabrough, but the crank could not 
then have been in extensive use as a part of a steam- 
engine, and may never have been seen by Trevithick. 
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One of these mementos of Trevitliick's practira 
genii^ in 1800, still worked at Cook's Kitchen Mine 
in 18G9. 

The accompanying drawing represents the only one 
of those tliree Cook's Kitchen engines still working. 
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The chief working engineer in the mine for thirty-tWo 
years has now replaceil parts worn out, by new pieces 
of precisely the form of the original. 

The boiler is of wrought iron, cylindrical, with in- 
ternal tube and fire-place ; the plates have been renewed 
more than once. Steam is worked at 25 lbs. to the 
inch above the atmosphere. All the regulating or 
gear levers are within reach of the engineman without 
his moving from his seat. It has a Bonlton and Watt 
air-pump and condenser. The parallel motion differs 
from Watt's patent, and is known as the spider parallel 
motion. A four-way cock is the only valve used, except 
the steam shut-off cock from the boiler, and the injec- 
tion and feed cocks. Its present work is to lift three 
tons and a half, including the kibbal and chain, when 
starting from a depth of 1584 feet. 

The adjoining mines of Dolcoath and Stray Park 
made similar use of Trevitliick's liigh -pressure steam 
whim-engines, erected about the same time, and each of 
them on a different plan, two or three of which remained 
at work forty or fifty years. 

"Mr. John Vivian, of St. Ivea Consols Mine, when a Uttio 
boy, in 1801 or 1802, carried the pay-money to his uncle, 
Captain Andrew Vivian, for men working Trevilliick'a new 
high-pressure wbim-engine in Stray Park Mine, Crowds of 
people came to see it." 

"Hem-y Vivian worked the first Trevithick high-pressure 
puffer wbim-«ngine in Stray Park Mine. It worked with a 
four-way cock, and puffed the waste steam into the air ; it was 
a wonder at that time." 

"Captain Joseph ViWan, of lleskadinnick, near Camliome, 
about 1800 or 1801 saw Trevithiek'a firet puffer whim- 
engine in Stray Park Mine. The cylinder was in the boiler, 
and the prston-rod worked horizontally. Trevithick put up 
another wliim-cngine in the Hamc mine, working with higli- 
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pressure ateara, and with the Boiilton and Watt air-pump; U' 
had a wooden beam. As a boy, ho watched the engine with 
the beam, and the one without a boam, to understand why they 
were different. In a year or two several were erected. People 
who were for Boulton and Watt were against Trevithick. A 
Boulton and Watt whim was, a year or two after, put up in 
Dolcoalh to beat Xrevithick's puffer-whim. The report was in 
favour of Boulton and Watt. I worked in Dolcoath at that 
time. Everybody said the ogenta were told beforehand whioh 
way the trial ought to go. Captain Glanville put np the 
BtmltOQ and Watt low-pressure whim. Captain Trevithick'a 
high-pressure puffer had a liorizootal cylinder fixed in the boiler, 
aod the steam puffed up the chimney." 

" Henry Clark, of Redruth, was a boy in Dolcoath smiths' 
shop in the valley, in 17li9 or 1800, just after she went to work 
again. Captain Trevithick was the head engineer; but the 
adventurers grumbled because he did not give all his time to 
the mine. Drawings came down from London for the new 
high-pressure pufTer-whim for the valley ; Henry Vivian put 
her up ; but Benjamin Glanville, the mine carpeuter, was made 
head man over the engines, because Captain Trevithick was 
away so much. The mine managers tried the now valley-puffer 
against a Boulton and Watt engine. When Captain Trevithick 
heard it, he sent a letter that he would bet Glanville fifty 
pniuids tliat his puffer shoald beat Boulton and Watt, Trevi- 
thick came down from London, and tried the puffer, and said 
to his brother-in-law (Captain Henry Vivian), ' Why, how have 
you got the piston half an inch smaller than the cylinder ?' A 
new brass piston was put in, and slie beat Boulton and Watt all 
to nothing. I was landing the kibbals for the puffer, because 
we tried Captain Trevithick'a new kibbal and pincers made in 
our shop ; we unloaded the kibbals, and sent them down again, 
almost without stopping tlie engine. The adventurers fixed 
upon a trial for three or four days; coals were weighed to each 
engine, and persons appointed to take account of the kihbals 
raised and coals burnt Captain Xrevithick's engine did the 
host ; and, after the trial, a liltle pit was found witli coal buried 
in it, that Glanville meant to use in the Boidton and Watt 
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engine. Trevithick's puffer had a cast-iron cylindrical boilefj 
aLout 6 fcet in diameter, and 10 or 12 feet long, with cast- 
iron ends; a wrought-iron tube passed through the boiler, with 
a fire-place in one end of it, and a wrouglit-iron chimney at the 
other. The cylinder was let into tlio boiler, and the steam 
puffed off by the side. The trial was about 1804 or 1805, wheu 
several of Trevithick's whims, some of which condensed, were 
worh'ng in the adjoining mines." 

"James Eichards, of Camborne, landed kibbals in 1832, with 
Trevithiek's old wliim-engine now in Camborne Vean Mine, but 
then in Stray Park ; she is unaltered, except that the four-way 
cock is remored to make roona for lifting Talvca. Henry 
Vivian was the first man to work Ler ; she used to be called the 
first eteam-whim in Cornwall." 

" William Eustace, for twenty years foreman smith in Cam- 
borne Vean Mine (1869), knew the old Trevithick whim when 
John West, the engineer, put in valves in place of Tievithick'a 
four-way cock. The cock-pipo was stopped up with lead, and 
remained on the cylinder Ibr many years, to make sure that 
the new valves were an iniprovemont, befoi^e remtiviug the cock : 
has often heard the old men talk of this beam condensing engine, 
and the machine whim with the fly-wbeel up in tlie I'oof, with 
the piston-rod working in guides, and no beam, as the two first 
steam-whims ever put up. They then worked in Stray Park 
Mine." 

"Captain Kicliolas Vivian, late of Camborne, was in 1809 
appointed manager to re-work Wheal Abraham Mine, wliich 
had been idle for some years. 

" The old miners spoke of Captain Trevitliick's puffer-engine 
with the cylinder in the boiler, which had worked in the mine 
jnat before she stopped, 

" Trevithick demanded payment, which the adventurers re- 
fused until a longer trial of the engiue, or because the mine was 
going to stop; he therefore took some men into the mine at 
nigritfall, and by the morning the engine had disapiwared. 

" Captain N. Vivian's first act aa manager was to purchase 
for the mine a second-hand Trevithick high-pressure steam 
puffer- whim," 
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"Tlie late Captain Sttmiiel Graee E»d:— 'Id 1805 I saw aft 
tbe Weith Mine a portable engine made by Captain Trerithu^. 
(railed a pufler; the cylinder was fixed in the boiler, tbe steam 
pressure was 30 lbs. on the eqaare inch above the atmosphere. 
A wood Aed sh^-ltered the engine. Their cbeapoess made them 
to be iiiw-h nsed.' " 

In these four or five ^ears we have accounts of four 
or five distinct kinds of steam-whims — hig'h-pressure 
condensing engines, with and without heara, having 
(.■ither one or two cylinders, working vertically or hori- 
zontally, either as high-pressure puffurs or as con- 
densers. 

Those various forms were to meet special require- 
moiite. Thus an establislied engine-house with conve- 
nient condensing water, had a fixed condensing engine ; 
a temporary shaft had a portable pnfi'er-engine. 

Trevithi'ck's aim in all his inventions was to utilize 
as much as possible the power of steam; so that not 
only was tlie steam-engine made to assume various new 
forms, but many appliances connected with it received 
his i-'arefnl attention, and still bear witness lo his in- 
ventive genius. 

Up to about 1800, mineral had been raise^l bv hnrse- 
whims irom the Cornish mines in buckets, barrels, or 
kil>l)aln, made of wood, and bound with iron. The 
watcliful care of the driver helped to lessen the break- 
ape, or wear and tear, from the kibbals rubbing on 
the rough sides of the underlie shafts. The greater 
bpeod and power of the steam-whims increased the 
breakage, and led Trevithick to introduce the use 
of wrought-iron kibbals, shapetl like an egg, with 
flatfenod top and bottom. These improved kibbals 
worketl with tens friction and wear and tear than tlie 
wotxl kil>lial, Tlio nietluHl of emptying it was also 
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much improved. The old bucket was turned over by 
manual labour, and the mineral shovelled into the 
barrow or tram-waggon ; the new plan caused the 
saving of this labour, by discharging the mineral into 
the waggon. 

"Heury Clarke was striker iu the Valley smiths' shop in 
Dolcoath Mine ia 1799 or 1800, and helped to make the first 
pincers and work for landing Captain Trevitliick's new plan 
of iron kibbala, just then coming into use. William Branch, of 
Gwinear, was the smith. 

" Captain Trevitliick was standing by, telling Branch the 
shape to make them. The first pincers had a spring to throw 
them open ; after a few trials the spruig was taken out, not 
being necessary. The pineere was exactly the same shape as 
those now used (1869), and so are the iron kibbals, only they 
may be a bit bigger." 

" Captain Joseph Vivian recollects Budge's spiral barrel, put 
aside by Captain Trevithick in his first steam-whims, because 
the power of his engine did not require them. 

" The weight of the wbim-cbain, reaching to the bottom of the 
shaft, was too much for the horses, or the horse-whim, to lift. 
Budge's spiral was like a watch-barrel. A stone at the end of 
the chain from the spiral rose or fell in a shaft ; this equalized 
. the work for the horses according as the chain and kibbal was 
near the bottom or the top of the shaft." 

" Mr. Tippet ' helped to erect Captain Trevitliick's puffer 
winding engine in Tin Croft Mine. Tlie new iron kibbals were 
two or three times as large us tlie old onps for the horae-whim. 
The pojipet-heads were raised, that the kihbal might go higher. 
The landing man said, 'I wonder who is going to land them 
big kibbals; I sha'nt land them,' Captain Trevithick said, 
'Can't you wait a bit?' When it was all complete the kibbal 
didn't want any landing. It turned upside down, and the stuff 
went into the waggon without any landing or shovelling. Tlio 
engine worked with very high-pressure steam. Saunders, who 



' Mr. Tippet hnJ been employed ii 
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Avas Captain Dick's head boiler-maker, brought a little plunger- 
pole pump for tbe- feed-water ; it worked by an eccentric on the 
fly-wheel shaft." 

The new plan was to carry the loaded kibbal a certain 
distance above the waggon ; a cliain from one side and 
pincers were attached to a hook in the kihhal bottom ; 
the loaded kibbal was then lowered tlie required dis- 
tance; tlie fixed chain drawing the kibbal ofl' the Hue 
of the shaft and oA'er the waggon, and at the same 
time hanging it bottom upwards, turned Its contents 
into the waggon ; a pull on a catch freed tbe pincers, 
and the kibbal dropped over the line of the shaft ready 
for descending. This method, introduced in 1800, is 
still in use, though square boxes of iron on wheels, 
filidiug in guide-rods in the shaft, are now preferred. 
The eccentric working the feed-pole is the earliest 
record the writer has met with of its use. 

The foregoing, especially if taketi in conjunction with 
tbe various applications of Trevithick's high-pressure 
steam-engines in Wales and elsewhere, fully establish 
their rapid extension during the first five or six years 
of the present century: two of them remaining fit for ■ 
use, after nearly seventy- years, proves the original skill 
of their designer and constructor. 

The best test of the relative value of the low-pressure 
steam vacuum, and high-pressure steam whim engines 
by the rival engineers, Is In a comparison of their 
performance and durability.' 

Boulton, writing to Watt, describes one used tempo- 
rarily for such a purpose at the Consolidated Mines, 
in 1784: — "There was a full attendance: Jetliro 



' fkts Trevi thick's letter, 5th Joniwry, 18<M, chnp. : 

6th Jfily, imi, chuji. KX. 

„ „ 2uil Jniiiiiiry, 1805, lOiaji. : 
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looked impudent, but mortified, to eee the new little 
engine drawing kibbals from the two pits exceedingly 
well, and very manageable ; and afterwards it worked 
six steam-stamps, each 2 J = 14 cwt. lifted twice at each 
revolution, or four times for every stroke of the engine. 
I suppose there were a thousand people present to see 
the engine work."^ 

This happened at Wheal Maid, in Gwennap, when 
Trevithick was thirteen years old. 

Jethro was one of the Honiblowers, clever, prac- 
tical engineers in Cornwall, before Watt brought hia 
engine there, and strongly opposed to the new comer 
and his plans. 

Trevithick's whim in Cook's Kitchen, of about 1800, 
was still at work in 1870, and lifting 70 cwt. The 
power of the Watt whim is not mentioned ; but when 
used as a stamping engine it gave motion to but six 
stamp-heads, each 2^ cwt. 

Such a contrivance as Watt's could not continue to 
work long in a Cornish whim-engine, requiring most 
exact control, and frequent sudden stoppage and re- 
versing, for which the sun-and-planet tooth-wheels 
were not suitable. Its failing to work well, and banish- 
ment to Wales during Trevithick's boyhood, accounts 
for his never having heard of it qntil forty or fifty 
years after the date of its erection, though he competed 
with it in Dolcoath in 1806, without knowing its travels 
or history under its improved face with a crank instead 
of its original sun-and-planet wheels, shortly after 
which it finally disappeared.* 

A steam-engine with a crank had never been seen 
in Cornwall when he made his first locomotive models 



' Ultet from BimlUin, 1784. RmJIia;' 'Lives t>f Boiillcin aiidWHlt,'p 301. 
' See Twvitliick'fi letter, I81I1 felirum j, 180C, ciiii|). xx. 
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aud recommended the use of a steam-whim with a 
crank. 

Such was Trevithick's share in making steam aseftil 
for raising luineral &om mines, and in adapting the 
kihhals and detail apparatus, suitable for the increased 
power and speed of the high-pressare steam-engine. 
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CHAPTER Vn. 

CAUBOKHE COMMON ROAU LOCOMOTIVE. 

The late Mrs, Trevithick frequently spoke of models of 
her busband'a early engines, the first of wliich worked 
at her house in Cambonie, about the year 17!)G or 1707. 
It was made by Mr. William West, and was to liave 
been shown in the lawsuits between Boulton and Watt 
and the OorniKh engineers. 

Lord and Lady Dedunstanville, the large landed 
proprietors in the mining district — embracing Dolcoath, 
Cook's Kitchen, Stray Park, and many more of the 
early Cornish mines — and Mr. Davies Gilbert, a friend 
of Trevithick" s, came to her house to see the model work. 

A boiler, something like a strong iron kettle, was 
placed on the fire; Davies Gilbert was stoker, and 
blew the bellows; Lady Dedunstanville was engine- 
man, and turned the cock for the admission of steam to 
the first high-pressure steam-engine. The model was 
made of bright brass. 

Shortly afterwards another model was made, which 
ran round the table, or the room. The boiler and the 
engine of this second model weie in one piece ; hot 
water was poured into the boiler, and a red-hot iron 
put into an interior tube, just like the hot iron in tea- 
urns. 

In a third model the boiler was heated hy a spirit- 
lamp. This one was taken to Loudon by a gentleman 
who came down for the purpose of seeing it work. 
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A model of TreWthict'y, now in the Kensiugton Mu- 
seum, spoken of by Mr. Radford' as having come from 
the engine-works of Messrs. Whiteheaii and Co., Soho 
Iron Works, Manchester, is probably one of those spoken 
of by Mrs. Trevithlck as having- l-een made prior to 
1800. It is a perfect specimen of a high-pressure steam- 
engine, with cylindrical boiler, adapted to locomotive 
purposes. It serveiJ as a guide to Messrs, TThitehead and 
Co., who manufactured engines for Trevitluck in 1804. 

The drawing (Plate III.) and description of this 
working model shadow forth the usefulness of the high- 
pressure steam-engine of the present day in many of 
its leading features; the non-necessity for condensing 
water, the cylindrical boiler, the simplest form of crank, 
the absence of mason-work for the engine or boiler- 
flues, and its portability and power of locomotion, so 
nearly met all (he requirements, as to entitle it to the 
designation, "the first high-pressure locomotive." P is 
the iron-heater (used in the model to avoid smoke); 
s, the safety-valve, kept down by a simple spring ; 
t, screw-plug for supplying water; b, steam-cylinder 
let into boiler, with shell for the four-way cock, and 
pipe for conveying steam to the top and bottom of 
cylinder cast with it; o, a four-way steam-cock, worked 
by a rod from the cross-head ; c, the cross-head ; /, the 
two side rods ; g, the crank-pins attached to the two 
driving wheels ; i, the steering wheel, fixed by a screw 
for running in curved or straight lines ; e, pieton-rod ; 
d, guides for the piston-rod cross-head ; h, two driving 
wheels ; _;*, two legs, by screwing out the lower part of 
which the driving wheels are hfted off the ground, 
making a stationary engine ; k, fly-wheel ; ra, pinion 



' U'tler froii] Mr. Jiwciih Riuifurd, iu 1850, t 
fciaily »iiift leiO. 
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and gear wheel, connecting the fly-wheel with the 
driving wheel ; n, phig-rod attached to cross-head for 
moving the four-way cocic ; r, stay for the guide-rods ; 
u, driving axle; u, waste-steam pipe; A, the cylindrical 
boiler, made of copper ; b, the hoiler-tube. 

Trevithick, after two years spent in numerous work- 
ing experiments, under very trying circiimBfances — 
from the want of sufficient money, from the greatly de- 
pressed state of the mining interests in Cornwall, and 
from the disputes and lawsuits which had led mine 
adventurers and mine engineers to mistrust one another 
— had satisfied himself that a steam-engine would work 
without an air-pump or condensing wafer ; that neither 
beam nor parallel motion, nor foundations of masonry, 
were absolutely necessary ; and that the boiler, for con- 
veniently supplying high-pressure steam, need not be 
one quarter of the weight, or cost, of the low-pressure 
boilers then in yse, for producing an equal amount 
of power. He liad conveyed an engine from mine 
to mine in a common cart, at a cost of lOs. Gd., and 
even this expense might have been saved by pUicing 
the engine on wheels, and driving them around hy the 
force of the steam. The first commercial application of 
high-pressure steam was in the portable steam-whims, 
and then in the steam-carriage. 

An old account-hook of Trevithick'e, dated 1800, 
gives the detail items in the manufacture of the first 
steam-carriage. William West for two or tliree years 
received pay for constructing models. Other mechanics 
worked in different mines repairing or improving 
boilers working the new high-pressure engines; and 
when they could be spared from the nlines, were em- 
ployed on the new steam-carriage, then Ixiing put 
together in a smiths' shop in Camhoruc, having 
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in it ODe small Imnd-latlie, and one or two smiths* 
fires. 

"Sar. 1800. — ^To Richadl -Irffrr.aboat ihefin^orragp, 

to end of NonnibiT 10 14 S 

To healer - pUt« for steam - curiagv, 

4cwt. Iqr. at38*. 7 16 G 

Tu send WiUUm Wert to the Dale for 

To J^ktn» Oata, about tittle boiler. 
To James Sannden, abofit little engine.. 3 13 (> 
1801. — To Sam. Hamblj, for steam-tarTiage .. 1 2 t> 
To Francis May, Tor snudiiee, do. .. 4 5 

To little Hocking, da, do. ..300 

To Arthur WooLT, Tur 8teaiu-^ugi> atid 

hnrometer from the Dale 4 7 

To Sam. Bowe and Wm. Branch, assistii^ 

Wm. Jefii7 and Sam. HamUj- about 

the carriage. 

ToWm-Wret 35 10 7 

To Lemon, ahoemaker, for a bellun-B for 

camnge 17 

Jiikn Hocking, for bnsdwurk .... 1 K 7 

Files, drink, and oil 7 15 

Coals from my hou3<j 1.1 " 

In 1801 William West Wiis "at Hayle, alwut the 
little l>oiler," "altering it with wrotiglit-iron plates;" 
and in the same year " Richard Trevithick was in 
Loudon about the patent, and in Merthyr Tydfil and 
Coalbrookdale." The accounts do not eualile us to 
trace the time occupied in huilding the first steam-car- 
riage, or the necessary alterations during its constniction. 
It was in progress iu 1800; and on Christmas-eve, 
1801, conveyed the first load of passengers ever moved 
hy the force of steam. 

The start was from Tyack's smiths' shop, where the 
smaller parts had been made.' lilast and west ran the 
great main coach-road to London, on which the Cornish 
coach, at that time a van or covered waggon, conveyed 
the few who travelled on wheels. Northwards, towards 

' I'liu granite reniaiiia of tht' traditional gmiiiU! itleiim-liuilcr hI tbo 
Wcilli wiiB within a ehurt distftucc of Tyiick's amiths' &Lop. 
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the great house of Lord Dedimatanville, at Teliidy, tlie 
road was more hilly. The south road was a rude 
country Jane, in the worst possible order, with a sharp 
curve at the commencement, and steeper gradients than 
either of the other roads. 

As an indication of the greiifer difficulty of con- 
structing an engine at that time in Cornwall, thirty 
years later, wlien the wilter worked in Harvey's engine- 
factory at Hayle, in the building in which William 
West had constructed parts of the Camborne locomotive, 
there were but a few small hand-lathes fixed on wooden 
benches^ a few drilling machines, and hut one chuck- 
lathe. Arthur Woolf was the engineer, and the writer 
his pupil, and served under the shop foreman, Jeffry, 
whose father had worked on the Camborne locomotive, 
and on the Jeffrie and Gribble engine at Doleoath. 

The following statement was given by old Stephen 
Williams : ' — 

" I knew Captain Diek Trevithick very well ; he and I were 
born in the same year. I was a cooper by trade, and when 
Captain Dick was making his firat eteam-carriage I used to go 
every day into John Tyack's blacksiiiiths' shop at the Weitb, 
close by here, where they put her togetiier. 

"The castings were made down at Hnyle, in Mr. Harvey's 
foundry. There was a deal of trouble in getting all the things 
to fit together. Most of the smiths' work was made in Tyack's 
I shop. 

" In the year 1801, upon Christmas-eve, coming on evening. 
Captain Dick got up steam, out in the high-road, just outside 
the shop at the Weith. When we nee'd that Captain Dick was 
agoing to turn on steam, we jumped up as many as could ; may 
he seven or eight of us. 'Twas a stiEBsh liill yoiog from the 
Weith up to Camborne Beacon, but she went off like a littlu 
, bird. 
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" When she had gone about a quarter of a mile, there was a 
rougliiah piece of road covered with loose stones ; she didn't go 
quite so fast, and as it was a tlood of rain, and we were very 
squeezed together, I jumped off. She was going faster than I 
could walk, and weut ou up the hill about a quarter or hiilf a 
mile farther, when they turned her and came back again to the 
shop. Captain Dick tried her again the next day ; 1 was not 
there, but heard say that some of the castings broke. Recollect 
seeing pieces of the engine in the ditch years afterwards, and 
suppose she ran against the hedge." 

In the same year Mr. Newton ' informed the writer 
" that he knew Mr. Trevithick well, and was to have been 
his pupil in engineering. He rode on the engine the first 
evening it was tried. It went half a mile up a sfeep hill, and 
then returned to the workshop [we stood on the very ground 
while Mr. Newton told his story]. The fire was blown by a 
double-acting bellows, worked by the engine. Was well ac- 
quainted with Murdoch, and his friends in Cornwall, but never 
heard he had made a locomotive, or that Trevitliick had been 
his pupil. The engine Has called Captain Dick's puffer, from 
the steam and smoke putHug out uf the chimney at each stroke 
of the engine." 

" Captain Nicholas Vivian saw the Camborne steam-carriage, 
and was familiar witli the stories of the early trials, oa bis 
friends and relatives were interested in it. It ran part of the 
way up the Beacon hill when first tried. Something went 
wrong, and it was taken back to Tyack's smiths' shop ; it worked 
again after that, but he did not know what was then done 
with it." 

The Gtiffness of the incline on the Beacon hill pre- 
vented horse-veliicles from ascending at more than 
walking speed. In the present day it is straightened, 
Init the old boundary -ID arks are still to be seen of a 
^harp curve at the commencement of the journey. 
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This sontLern road from Camborne was the worst of 
the four that were open to Trevithick's choice for test- 
ing his 6rst locomotive, carrying as many passengers 
as coiiIJ find standing-room on it- — perhaps half a dozen 
or half a score. A piece of newly-made road with loose 
stones, just where the incline increased, and when the 
umall boiler had expended its hoarded stock of Iiigli- 
pressure steam, heaped an insnrmountable barrier 
against the small wheels of the engine, and baffled the 
engineer for the moment. While the road was being 
smoothed, the steam had increased its elastic force. 
Another progress was made, and the first half-mile had 
been travelled on a stfiam-horse. 

The incline was still increasing, almost up to the 
steepness of the famous Mont Cenis, of 1 in 15 or 20, 
when the engineer was again beaten, and stuck fast. 
It was Christmas time : rain drenched the ambitious 
innovators, and cooled the steam-boiler, and coming 
" darkness added to the gloom. The engine was turned 
about, and safely conveyed the passengers back again, 
down this dreadful circuitous bill, to the starting point 
at Tyack's smiths" shop. 

" Cnptaio Joseph Vivian, of RoakaJeiinick, aaya : When he 
wae 11 boy about uine years olJ, he used to go into Tyack's 
smttlta' shop at Cambonie to see the Bteam-tJiiriiage Captain 
Trevithick was )mviug made there. 

'■ Some of the turning work was done in Captain Andrew 
Vivian's workshop, where there was a small turning lathe. The 
castings came from Harney's foundry at Hayle. 'The first day 
the new steam-carriage ran about the streets and np the Beacon 
liill. The next day it went down to Cmne, a short mile, that 
Captain Andrew Vivian's family, who lived there, might see it. 
Old Mrs. Paul cried out, ' Good gracious, Mr. Viviau ! what will 
be done next? I can't compare un to anything but a walking, 
puffing devi!.' 
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" It then went nearly three miles to Tehidy Park, that Lord 
U^anstanrille might hare a ride, but eometliing broke just 
before it reached the house." 

The 'Mining Journal,* Oct. 2nd, 1858, has the fol- 
lowing : — ■ 

" With regard to the Comvfail engine, Mr. John Petherick, 
writing to hiB nephew, Mr. Edward Williams, says; — 

"'Cardiff, September 11th, 1858. I perfectly remember, 
when a boy, about the year 1800, seeing Trevithick's first loco- 
motive engine, worked by liimself, come through the principal 
street of Camborne, in Cornwall (Trevithiiik'a native place). 

" ' This experiment was satisfactory only aa long as the steam 
pressure conld be kept up ; and during that continuance 
Trevithick called upon the people to"jump up," so as to create 
a load on the engine, and it soon became covered with men, who 
did not seem to make any difference to the power of speed, as 
long as the steam was kept up. This was sought to be done 
by the application of a cylindrical horizontal bellows' worked 
by the engine itself, instead of a stack ; but the attempt to keep 
up the power of the steam for any considerable time proved a 
failure. There were other experiments made which I heard of, 
but did not witness ; but the same objection prevailing, caused 
the attempt to be laid aside for that time. This was the first 
pubhc exhibition of the invention.' " 

" Henry Clark " says he was working in the Valley smiths' 
shop in Dolcoath, when Captain Dick's locomotive ran. It 
carried ten or twelve persons from Mr. Harris's gate to Knap's 
Hotel, about a quarter of a mile, and up hill. 

" I worked many years for Captain Dick : lie was a nice man. 
We went to his house in Camborne singing carols; Captain Dick 
touched his lady with his elbow; she was taking something out 
of her purse, when Captain Dick said, ' Let me see ! ' and he 



' 'riic dniwing of the Caiuborno 
locKOuotive, niode front recollections ol 
thn various old men, who, when boy a, 
hwi sn'n it, allows an orjiiinry smitli'B 
Irllims III Ui.' [inw'tit .Uy. The 



writer had not then se«Q the stsl«- 
mcnt of Mb friend Mr. Petherick, who 
is probably correct in stating Lhitt th« 
bellows reas cylindrical. 
• Living at' Hedruth, 1889. 
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' tarned tlie piirae upside down in my liaud, and a pretty lot of 
Bi'iver we Iiad." 

"^ Heury Vivian,' a nephew of Captain Andrew Vivian, 
recoiiects his father (Jolinson Vivian) giving a lecture on the 
early locomotive in Camborne, and reading a letter he had 
received from Captain Andrew Vivian describing the trials in 
tlie London streets, sometimes going too fast, sometiraea not 
fust enongb. 

" The omnibus and cab drivers used to throw cabbage stumps, 
rotten onions, or eggs at them. 

" When describing the earlier experiments in Camborne, his 
father said it was put together in a emiths' shop at Wheal Gerry, 
[ near lioskear Mine. He worked about it. 

" They started to go to Tehidy House where Lord De- 
dunatjinville lived, about two or three miles off. Captain Dick 
Trevithick took charge of the engine, and Captain Andrew was 
steering. They were going very well around the wall of 
Rosewarne ; when they came to the gully (a kind of open water- 
ie across the road) the steering handle was jerked out of 
Captain Andrew's hand, and over she tnrned." 

Tbese several recollections from eye-witnesses, so 
[ long after the event, establish the broad facts, though 
details may be more or less wanting, showing two dis- 
' tinct experiments: the one up Beacon Hill, the other 
f in the opposite direction, to Tehidy Park. Probably 
I there were several trials, and some repairs and im- 
' provements during several M-eeka or even months. 

The blast-pipe gave its puffs of steam and smoke from 
the chimney. The double-action bellows, for ensuring 
a good fire in case the steam-blast did not answer, was 
[ never used ai'ter this first experiment. 

Trevithick and Vivian became partners over their 
I Christmas dinner of 1801, and then started for London 
\ to secure a patent. 

I Working fnr Mrssrs. Hnrv.-y and Cm., mm. 
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" LosDOS, No. 1, RotnmAMPTos Rtsket, Stbakd, 

" Mr, Giddt, " le"- J""-, 1802. 

" Sir, — Tfo donbt ete this yon have been in expectation 
of bearing from as; but so moch tim« was taken up at Bristol 
and its environs, in contracting for engines, that we did not 
arrive here until last Wednesday night. 

" We waited on Mr. Sandys, who iuformed ns that the caveat 
had been secured, and advised ns to get the best information 
we could of persons nho were well acquainted with patents and 
nacliines, of what title to give the machine, and what was the 
intended use of it. The next day waited on Mr. Davy with 
your kind letter, who with the greatest cheerfulness immediately 
waited on Count Eiiroford, to whom we had a letter of intro- 
duction from Mr. D, to wait on the Count on Friday morning. 
We found him a very pleasant man, and very conversant about 
fire-plttces, and the action of steam for heating rooms, boiling 
water, dressing meat, Ac. ; but did not appear to have studied 
much the action of steam on pistons, &c. The Count has given 
us a rough draft of a fire-place, which he thinks is best adapted 
for our carriage, and Trevithick is now making a complete 
drawing of it. 

" We are to wait on the Count when the drawing is com- 
pleted, and he has promised to give us all the assistance in his 
power. 

" Mr. Diivy says that a Mr. Nicholson, he thinks, will be a 
proper person to assist us in taking out the patent, and we are ' 
to bo introduced to him to-morrow, and then shall immediately 
proceed with the business. We shall uot specify without your 
assistance, and all our friends say that if we meet with auy 
diRiculty notliiug will bo so necessary as your presence. 

" Wlien we delivered Lord Dedunstanville's letter to Mr. 
Graham, bo saiil he would give us every assistance in his power 
gratis, if wanted. 

" Mr. Poscoe Grenfel! says be con find n way to the Attorney- 
General, if wanted. 

" It ia strongly recommended to us to get a carriage made 
hero and to exhibit it, which we also believe must be done. 

"Trevithick called on Mr. ClayfieM at Bristol, and is to call 
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igaiii on his return from Coalbrookdale to go in the mine. 
I Both Mr. Clayfielda beg their most respectful compliments to 
I you. Mr. Davy begins his lectures at the Royal Institution on 
I Thursday next, and has given us tickets of admittance. 



" We remain in gctoil health and spirits. Sir, 

" Your most obliged, humble servants, 

"li. Trevithick, 
"A, Vivian." 

On January, 1802, tlie two paitners were busy in 

I London witli the intricacies of the pateot-Iawe. The 

I legal men asked, Wliat ia the title of the machine? 

and what its intended use ? But these apparently simple 

questions were not easily answered. 

The common road locomotive had been worked. 
j The tramioad antl railroad engines were being de- 
signed : neither of those, or both combined, would 
[ Berve as a title describini;^ fi'll.y *he objects of the 
I patent. 

On tlieir way from Cornwall to London they had 
contracted to erect their patent high-pressure engine 
for pumping and winding purpases on Mr. Clayfield's 
colliery. 

The drawing to accompany the patent showed three 
I distinct kinds of engines for diflerent uses. How could 
I Trevithick define a use which was to be general and 
\ univereal ? 

Jlowever, Sir Humphry Davy, Mr. Davies Gilbert, 

L and Count Rumford, all well known for their scientific 

knowledge (and as active members of the Royal Society, 

I the two former having been Presidents), came to his 

1 assistance and helped with their advice. 

Count Rumford was not quite up to the idea of the 
I new steam-engine, to be worked solely by the pressure 
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was in the carriage at the time, and who entertains a etrong 
pereuasion of the success of the project. The proprietors are 
now in LoodoQ 6oliciting a patent to secure the property.' 

" The same paper also mentions Ihe increasive population of 
the parish of Camborne, viz, in one week nine women upraised, 
five pair of hanns published on Sunday, and five more delivered 
to the clerk tlie Saturday following, eight children christened, 
and five weddings, a rare tveek's work, which have produced a 
few lines in verse, which I perused this moruing ; it describes 
the parson reprimanding the clerk, sexton, and oi^anist for 
getting dnink, and himself nt tho same time reeling against 
the altar-piece at the Communion, table and breaking one of 
the commandments. 

"Pray let me hear from you on the receipt of this. When 
you go on with the York Water Company be sure to remember 
in the agreement that the new engine is not to do more work 
than the old one unless paid in proportion, otherwise they may 
increase their number of tenants, and keep our engine con- 
stantly at work. 

" With moat respectful compliments to Mr. and Mrs. Stamp, 
Hary, and the little ones, 

" I remain, dear Sir, 

'' Yours most sincerely, 

" AxDKEW Vivian. 

"Mrs. T. (your beloved wife) begs her love, and ex[>ecta to 
hear from you often, 

" Mr. BicnABD Tbbvithick, Steam Engineer, 
" 1, HoiUluimplon Elrtet, Strand, London." 

Trevithick returned to Cornwall, to go uu with Lis 
expenments, and Vivian took liis place in London 
about the patent : — 

" Southampton Strrbt, 
" Mr. Trevithick, ■■ Tuealay, 23rd M-irch, 1802. 

" Dear Friend, — Yours of yesterday came to my band 
this moment, and Mrs. T. may rely on me to do the needful 
in procuring the balsam. 

I 2 
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" I arrived in town yesterday about three o'clock. I boxed 
Harry (that is, I went without dinner) that no time might be 
lost. This I should not have done, you may easily suppose, had 
the whole of the business been my own ; but here you are con- 
cerned, which puts all iuconvenienceB to myself out of the 
question. Of course I immediately repaired to Crane Court, 
where I was informed that the patent was to be sealed on 
Wednesday (to-morrow) ; aud that they did not know whether 
the specification must be lodged on to-day, or a month from the 
sealing. They recommended me to Mr. Davy, at the KoHb 
Chapel Office, for information, where 1 immediately repaired, 
but could nut find the gentleman. From there I shaped my 
course to Soho Square, and spent two or three hours with 
Mr. Nicholson ; Iiail the necessary alterations made in the rough 
copy of the specification. 

■' At the Fautasmagoria Mary and Sarah Stamp and I got 
about eight o'clock, and returned about ten, well pleased. To- 
day I have been again at Crane Court, to the Rolls Chapel 
Office, and to the Patent Office at the Adelphi, and have got 
the whole business in a pro|>er train. 

" Mr. Horton promised me to get the specification engrossed 
immediately. Sir. H. soon followed me to the Rolls Chapel 
Office, to request Mr. Davy to engross it, as he knew more of 
the business. I spent some time with the little gentleman, aud 
Iiave confirmed my opinion of him, that he is a very clever httlt 
fellow. He will do all in his power to get me out of town 
on Thursday evening; if so, you will see me on Saturday 
evening. 

"Mr. T-lavy by some means had heard of me, and says his 
sisters and self are well acquainted with Mrs. May, before and 
since she was married; and had I time we certainly should 
make a round party to some kind of diversion, but time will not 
permit nie the pleasure. To-morrow having no business of the 
patent until eight in the evening, when I must call at the 
Patent Office for the great knob of was ; and the former part 
I of the day will be to see Woolf, Wataon, &c. 

"Mr. and Mrs, Stamp beg their compliments, also Mkty, 
I Sarah, and William; and must beg the favour of your best 
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epeeclies to be employed in my kind remembrance to Mre. 
Trevithict, Mrs. Harvey, and all tliat may happen to be at 
your house of your good family, and remain, dear friend, yours 
very sincerely, 

"Andrew Vivun." 

Davies Grilbert completes this history of tlie first 
locomotive by hia recollections. 



" My dear Sir, " Eahtbouhne, Apra 2m, 1839. 

"The travelling engine took ita dejwirtnre from Cam- 
borne Church Town for Tehidy on the iiSth of December, 
1801, where I was waiting to receive it. Tbe carriage, how- 
ever, broke down, after travelling very well, and up an ascent, 
ill all alx)Ut three or four buudred yards. 

"The carriage was forced under some shelter, and the partiea 
adjourned to the hotel, and comforted tlieir hearts with a roast 
goose, and proper drinks, when, forgetful of the engine, its 
water boiled away, the iron became red hot, and nothing that 
was combustible remained, either of the engine or the house. 

" It must have been, I presume, in tbe preceding summer 
(that is, of 1801) that Trevithick and myself tried an experi- 
ment, on a oue-horse cbaiae, as to the hold of the wheels on the 
ground lor moving it up an ascent. 

" We placed the carriage in the middle of one of the roads 
leading to Camborne Cburcb Towm, and we discovered that 
none of the declivities were sufficient to make tbe wheels slide 
in any perceptible degree, as we forced the caniage forward by 
turning the wheels. 

" Tlie success of the experiment induced Trevithick, in con- 
cert with Andrew Vivian, either to procure a patent, or to take 
met^nres about it. 

"After this I have not any distinct recollection of any 
particular fact, till, being in Oxford with my father and 
sisters in the winter and spring of 1804, I was earnestly 
entreated by Trevithick and by Mr. Samuel Homfray, a great 
ironmaster at Merthyr Tydfil, to come there and assist them 
in some experiment. I accordingly left Oxford, and i-eached 
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Merthyr TyJei on tiie 12th of Marcli, and on the 24th the 
engine which Trevithick had constnicteil for going on the rail- 
way, travelled from Pen-y-darrcu, Mr. Homfray's, to a works 
called Plymouth, and back again ; but all the weight was accu- 
mulated on the same four wheels, with the engine, for none of us 
once imagined, if the weight waa divided, that the wheels of the 
engine-carriage could [Tossibly hold. In consequence of this 
great pressure, a large number of rails broke; and on the 
whole the experiment was considered a failure. 

" Within a year or two of this time, Trevithick thought of the 
iron tanks to be riveted to the timbers of a vessel. 

"He took out a imtent, and associated himself with some 
adventurer, who became a bankrupt, and deprived Trevithick 
of all the advantages to be derived from this excellent 
adaptation. 

"Uavies Gilbert. 

"J. S. EsYB, Esq." 

Trevithick had spoken to Davies Gilbert in 179G' 
on the possibility of making an engine to work by the 
force of steam ; and having made models with wheels 
again requested his friend to come to Camlwrne, and 
go with him in a one-horse chaise " to test tlie hold of 
its wheels on the ground for moving the carriage up 
an ascent." 

This was the same post-chaise that we shall find 
was specially kept for "Watt's nse when in the neigh- 
bourhood of Redruth some sixteen years before, on his 
first residence in Cornwall. Mrs. Trevithick has spoken 
of drives with her husband in this raucli-envied post- 
chaise of three-quarters of a century ago, kept for the 
aristocracy by Mr. Harvey, who lived opposite Newton's 
Hotel, in Camborne. It was the only comfortable cai^ 
riage to be let on hire, fit for gentlefolk, in the West 
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of England, to supply the twenty or thirty miles of 
country from Truro to the Laud's End. 

Watt engaged the grand carnage for a week or 
more at a time ; Trevithick and his wife only on s]iecial 
holidays; and probably the use of the drag on the steep 
hills, or other trifling incident, taught Trevithick the 
amount of friction between a drag or a carriage-wheel, 
and the road on which it rested. 

About 1800 Trevithick requested Mr. Davies (Jilbert 
to come with him and witness the fact that carriages 
could be propelled by causing their wheels to turn 
round. The two friends removed the horse from the 
carriage when on a stiff hill, gave their strength to the 
spokes of the wheels, and the carriage progressed, This 
memorable carriage conveyed the two greatest of modern 
engineers while their thoughts were intent on schemes 
of national importance, and gave a proof to one of them 
that if its wheels were forced to turn, the carriage and 
k its contents would progress; and on this bint the build- 
ing was at once commenceil of the first Camborne 
common road locomotive to be driven by the force of 
high-pressure steam, which in 1801 was reported in the 
Falmouth paper as "carrying several persons, amount- 
ing to at least a ton and half weight, against a hill of 
I considerable steepness, at the rate of four miles an 
hour; and when upon a level road, of eight or nine 
an hoiir." 

Stephen Williams was sure it was Chriatmas-eve 
I when he rode. Davies Gilbert waited at Tehidy for 
J tlio steam-carriage on the 28th December; but it did 
I not reach the end of its intended journey of three miles, 
I because something broke. The gentlemen adjom-ned 
I to the hotel for dinner and Cornish punch. Meanwhile 
I the engine, being neglected, was burnt. 
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" Mr. Antbony Mich'?!!' rame to lire at Bednith in November, 
1802, and sbortly after, abk>nl ibe spring of 1803, ft great many 
pereons went to Tuckingmill to see Captaui Dick Trevithick's 
piiffer locomotive that was going to mn from Camborne to Ked- 
rutJi, about three or four miles : he was going with Mr. Hocking, 
a carpenter; Waller Bray, on innkeeper; and John Cole, a 
carpenter. I could not go. TTie-y said, that in going up the 
Tuckingmill hill toward Bedruth, the driviDg wheels slipped 
around uud sunk intu the ruad, and they could not gE^t her on; 
it was a rerj- Eteep and crooked road. Evervbody was talking 
about it, aud they said that Captain Dick Hod Captain Andrew 
went before the King ; and Captain Dick kiss«i the King's 
hand, but Captain Andrew was not asked. 

" My father, Kichard Michell, was one of tbe old Cornish 
engineers ; he made a model of Boulton and Watt's engine, and 
took it to London fur the trial against UuU, and losing that 
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trial broke Bull's Iieart. There was no poat-chftise in liednith 
at that time, but there was one iu Camborne that used to be 
kept for Watt. Watt tifled to put a piece of his father's roll 
tobaceo to dry on the steam-pipe, and then would roll it iu hia 
Lands to make a pinch of snuff. 

" About twelve years ago my brother John made a working 
model of a steam-engine that stood upon a fuiirpenny-piece." 

Mr. Hugh Hunter related these early incidents as one 
reading from a book, He bad for more than sixty 
years worked in Cook's Kitchen Mine, where about 1809 
he replaced the famous water-wheel, which fifty years 
before had, under the management of Trevithick, sen., 
been spoken of as the largest in the country. Hunter's 
new wheel was of the same sine as the old one. It was 
of wood, 48 feet in diameter, and 3 feet in the breast. 

The locomotive, saya Hunter, ran between Camborne 
and Tuckingmill in 1802 or 1803, on tlie road to 
Redruth, from wliich place crowds of people went to 
see it, and the talk about it made him solicit employ- 
ment under Trevitliick. 

Mr. Michell, who belonged to the Eas-tern, or Watt 
Mines, spoke distinctly of the trial of the locomotive 
between Camborne and Redruth in the autumn of 1802, 
or spring of 1803, when it stuck fast, because the driving 
wheels slipi^ed round on going up a steep hill. The 
road is still, in its altered state, pretty stifl"; but thirty 
or forty years ago tlie incline was 1 in li) or 20. 

He spoke with great glee of his father's going with 
Watt in the Camborne post-chaise, and making snuff 
out of his roll tobacco for the great engineer. 

This second trial in Cornwall was a preparation for 
the greater experiment in the streets of London.' 

' The writer is in poastasion nf ii atnBll pari of one of theie iccomolives. 
Mid to bavu been givi-u by Trevithick to the lute Mr, Fiands Mlcbell. 
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Stuart thua speaks of the increased power of Trevi 
thick's engine : — 

" The steam, bowever, is capable of a teinperatnre considerably"" 
above that required merely to balance tbe piston, or 14^ lbs. to 
eacb square iucb; it would, as used in these engines, generally 
balance four or five times that weight ; and, of course, the piston 
is impelled downwards in the cylinder. When it has made ita 
stroke, the cock is turned by the lever or pin attache!! to tbe 
working beam, or horizontal arm, into the opposite jKisition, Thi ~ 
opens a communication between the under side of the piston a 
tbe boiler, and between the upper side and the chimney," Ac*« 

Hebert, speaking of the origin of steam locomotion^ 
and of the marked difference between the Watt and tbf 
Trevithick engine, eays:^^ — 

" The merit of the first snggestiou of a team -carriages has b 
attributed to difierent individuals, but the probability is, t 
the idea of applying the ateam-engine for the jmrpose of lo< 
motion was coeval with its first invention. Thus Savery, i 
having considered its possibility, and Dr. Eobison, from haviu 
suggested it to Watt, have by some been regarded as i 
inventors ; but almost as well might ive regard the philosopl 
IMJet Darwin to have been the inventor, who prophesied :■ 
* iHn^n slidl) thy iimi, uiicoiiquered Btcam, afar, 
Dnig tlie alow liarge, ami drive the rapid car ! ' 

"In a note to a late edition of Dr. Robison's 'Mechanioi 
Philosophy,' Mr. Watt states : ' My attention was first directo 
in the year 1759 to the subject of steam-engines by the I 
Dr. Robison, then a student in the University of Gla^ow, i 
nearly of ray own age. He at that time threw out the idea 9 
applying the power of the steam-engine to the moving of whai 
carriages, and to other purposes ; but the scheme was i 
abandoned on his going abroad.' 

"In the patent granted to Mr. Watt in 1781, he gave a 
account of the adaptation of his mechanism to the propalsion of 



' &« Stuart, ' Histurv "f the Sti-Bin-Enginf,' p. 1115 ; publkhod 1824. 
' Seu Lukf Hclicrt ' On Huilways," ji. 1» ; pubiishnl 183T. 
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land-caiTiages. The boiler of this apparatus he jiroposed should 
be made of wooden slaves, joined together, aud fastened with 
iron hoopa like a c-ask. The furuaco to be of irou, and placed 
in the inside of the boiler, so as to be surrounded on every side 
with water. The boiler was to be placed on a caiTiage, the 
wheels of which were to receive their motion from a pistou 
working in a cylinder, the reciprocating motion being converted 
into a rotary one by toothed wheels, revolviug with a suu-and- 
planet motion, and producing the required velocity by a common 
Bcries of wheels aud pinions. 

" By means of two systems of wheel-work, differing in their 
proportion, he proposed to adapt the power of the machine to 
the varied resistance it might have to overcome from the state 
of the road. A caiTiage for two persons might, lie thought, be 
moved with a cylinder of 7 inches in diameter, when the piston 
had a stroke of 1 foot, and make sixty strokes a niinute. 
Mr. Watt, however, never bnilt a steam-carriage. 

" It is well known tliat Mr. Watt retained up to the period of 

his death, the moat rooted prejudices against the use of high 

I eteam ; indeed, he says himself : ' I soon relinquished the idea 

I of constructing an engine on this principle, from being sensible 

I it would be liable to some of the objections against Savery's 

I engine, viz. the danger of bursting the boiler ; and also that a_ 

great part of the power of the steam wtmid be lost, because no 

vacuum waa formed to assist the descent of the piston.' — Watt's 

Narrative. 

" The specitication of the patent granted to Messrs. Trevithick 
and Vivian is descriptive of a high-pressure engine, the most 
simple and effective ever known, which has thus been character- 
ized by the eloquent Mickleham : — ' It exhibits in construction 
the most beautiful simplicity of parts, the most sagacious 

I selection of appropriate forms, their most convenient aud 
effective arrangement and connection: uniting strength with 
elegance, the necessary solidity with the greatest portability; 
possessing unlimited power, with a wonderful pUancy to ac- 
commodate it to a varying resistance ; it may indeed be called 
The Steam-Engine ! ' " 



Stuart, writing fifty yetirs aftor the date of the 
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Watt patent, clearly de6Ded the difference, in principle 
and in practice, of the rival eDgineers. Trevithick 
increased the Eteam fn^essnre from one atmosphere, or 
14|lhs. on the eqoare inch, to 50 or 60 ILs., and by 
it impelled the piston with four times the force of a 
Watt low-preseure steam vacnum engine. Hebert, who 
wrote thirteen years later, still illustrates the marked 
difference in the two men by pointing out that, in 
1784, Watt gave his views of a steam-carriage, and 
Mnrdoch tried his hand at one. AVatt proposed a 
wooden boiler, a cylinder 7 inches in diameter, with 
a stroke of 1 foot, and snn-and-planet wheels. It is 
not said that it was to carry condensing water, but such 
may reasonably be inferred. It was to convey two 
persons, but on further consideration. Watt said : " I 
soon relinquished the idea of constructing an engine on 
this principle (high-pressure steam principle), because 
of the danger of bursting, and also because uo vacuum 
was formed to assist the descent of the piston." 

Trevithick's high-pressure engine, which was worked 
oy the force of steam 60 lbs. or more on the square inch, 
wljolly discarded the vacuum ; and certainly without 
tbis radical change there could have been no locomotion. 

No original drawing remains of this first passenger- 
carrying locomotive engine, but from the description of 
those who saw it, there is little donbt of the general 
correctness of the drawing made by the writer. 

One of tlie gains from the Trevithick high-pressure 
engine was its. portability and clieapness, when com- 
pared with the Newcoraen or the Watt engine, neither 
of which could work without condensing water — which 
locomotive engines cannot procure. 

This engine liad little or no resemblance to any 
steam-engine tliut liad preceded it. No stone founda- 
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i, air-pump, comlenRer, condeiisiiig water, beam, 
arallel motion, all the improvemen ts of fifty years 
thrown aside ; and the great and costly Ijoiler of hia 
predecessoi-s was replaced by one so small that it seemed 
merely a part of the engine, as a stand-point on wliich 
t« fix the mechanism. 

The boiler was cylindric.il, of cast iron, in which 
the steam-cylinder was fixed ; the tubular-boiler flues 
[ -were of wrought iron, and entirely within the boiler. 

The exhausted steam having done its work in the 
I cylinder, at a pressure of 60 lbs. to the inch, passed into 
' the chimney as a steam-blast, causing an intensely hot 
L fire, and in its passage heated the feed-water. 

The boiler-flues, together with the steam-cylinder, 

I filled up a large portion of the interior of the boiler, 

reducing the weight of water carried to its lowest 

possible requirement, while a feed-pump, steam-gauge, 

fety-valve, and soft metal plug in the fire-tube, gave 

accurate supply of water, or escsipe of steam. 

The feed-pole was constructed precisely like the 
plunger-poles be had fixed in the mine-shafts, and is 
unchanged to the present day. 

Low-pressure boilers had no feed-pumps, being sup- 
plied by gravity of the water from a cistern above the 
boiler. 

The heating the feed-water by the waste steam was 
also an application originating with him. The steam- 
cylinder had its steam-pipe and Ixittom cast as a part 
of it. Tlie inlet and outlet of eteam was performed by 
one simple piece called Trevithick's four-way cock. 
The piston-rod, cross-head, guide-rods, and connecting 
rods, were all of simple form. The boiler served as a 
framing for keeping the four wheels in their proper 
places, and also the cylinder and working parts. The 
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two front or steering wheels were turned by a rod 
conveniently placed close to the engineman attending 
at tlie fire-door. 

One result of these experiments was the immediate 
application for a patent, granted ou the 24th March, 
1802, to Richard Trevithick and Andrew Vivian, for 
steam-engines for propelling carriages, &c., which may 
l>e read and studied by the young engineer with pleasure 
and profit even in "this" age of greatly-improved 
steam mechanism. 
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CHAPTER VIII. 

PATENT OF 1802, AXD LOXDOS IIXKWMOTIVE. 

Trevithtek and Viman's Specificatio$i. 
"Our improvements in the conatnietion and application of 
steum-eiigtnes are exbibited in the drawings hei-eunto annexed 
and explained, namely : — 

" In Plate IV., Figure 1 represents the vertical section of a 
steam-engine with the said improvements ; and Figure 2 repre- 
sents another veitical section of the same engine at right angles 
to the plane of Figure 1. The dark shaded purts represent iron, 
and the red [larta represent brit-kwork, and the yellow jxitts 
engine brass, excepting only the wooden supporters of the great 
fi'ame in Figures 4 aud 5, and the carriage-wheels in 6 and 7. 
A represents the boiler made of a. round figure, to bear the 
expansive action of strong steam. The boiler is fixed in a case 
D, luted inside with fire-clay, the lower part of wliich con- 
stitutes the fire-place B, and the upper cavity aSbrds a space 
round tlie boiler, in which the flame or heated vaixiur circulates 
round till it comes to the chimney E. The case D and the 
chimney are fixed upon a platform F, the case being supported 
upon four legs. C represents the cylinder enclosed for the 
most part in the boiler, having its nozzle, steam-pipe, aud 
bottom cast all in one piece, in order to resist the strong steam, 
and with sockets in which the iron uprights of the external 
frame are (irmly fixed. G represents a cock for conducting 
the steam, as nmy be more clearly seen by observing Figure 3, 
which is a plan of the top of the cylinder, and the same |iarts in 
Figure 2. 

" h. Figures 2 and 3, represents the passage from the boiler to 
the cock G. This passage has a throttle-valve or shut, adjast- 
abic by the handle ni. Figure 2, so as to wiredraw the steam. 
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and suffer the supply to be quicker or Blower. The position of 
tlie POf'k represented in Figure 3 by tlie yellow circle is such, 
that the communication from the boiler through b, by a 
channel in the cock, is made good to d, which denotes the 
upper space of the cylinder above the iiiston, at the same time 
that tiio steam-pipe a (more fully represented in Figure I) is 
made to afford a passage from the lower sjMice in the cylinder 
beneath the piston to the channel C, through which the steam 
hiay escape into the outer air, or be directed and applied to 
beating fluids or other useful imrposes. It will he obvinuB that 
if the cock be turned one quarter of a turn in either direction, 
it will make a eommnnication (Figure 3) Jrora the boiler 
passage h to the lower part of the cylinder, by or tlirough a, at 
the same time that tlie passage r from the upper part of the 
cylinder will comniuniente with c, the passage for couveying 
off the same steam. I', Q, is the piston-rod moving between 
guides, and driving the crank B, S, by means of the rod Q, R, 
the axis of which crank carries the fly T, and is the first mover 
to be ajjplied to drive milchitiery, as at S and W, Figure 2. 
Tiie alternations of action are made by the Buceessivo pressure 
of the steam above and below the piston, and these are effected 
by turning the cock a quarter turn at the end of each stroke 
by means of the following apparatus, most fully delineated in 
Figure 1. x, y, is a double snail, which in its rotation presses 
down the small wheel 0, and raises the weight N by a motion 
on the joint M of the lever 0, N, from which proceeds down- 
wards an arm, M, L, and consequently the extremity L ia at 
the same time urged outwards. This action draws the hori- 
zontal bar L, I, and carries the lever or handle H, I, which 
moves upon the axis of the cock G through one-fourth of a 
circle. It mwat be understood that H, I, is foreshortened (the 
extremity 1 being more remote from the observer than the 
extremity H), and also that there ia a click and ratchet-wheel 
in the part H, which gathers np during the time that L is 
passing outwards, and does not then move the cock G. But 
that when the part x of the snail opposite 0, that is to say, 
when the piston is about the top of its stroke, then the wh'eel 
suddenly falls into the concavity of the snail, and the ex- 
voi,. 7. K 
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tremity L by its return at onee poshes I, H, through the 
quarter circle, and carries with it the cock G, and turua the 
steam apoii the top of the piston, and also affords a passage for 
the steam to escape from beneath tlie piston ; erery stroke, 
whether up or down, pro<Iuces this effect by the half turn of the 
suail, and revei-sea the steam-ways as before descrilied. Or, 
otherwise, the cock may be turned by various well-known 
methods, such as tbe plug with pins or clamps striking on a 
lever iu the usual way, and the effect will be the same, whether 
the quarter turns be made back or forward, or by a direct 
circular motion, aa is produced by the machinery here deli- 
neated, but the wear of the cock will be more uniform and 
regular if the turns bo all made the same way. In the steam- 
ongines constructed and a})plied according to our said Inven- 
tion, the steam is usually let olT or conducted out of the engine, 
and in this case no vacuum is formed in the engine, but the 
steam, after tlie operation, is or may be usefully applied as 
before mentioned. But whenever it is fuuud convenient or 
necessary to condense the steam by injection water, we use a 
new method of condensing by an injection aboVe the backet 
of the air-pump ; and by lliis Invention we render the con- 
denser or space which is usually constituted or left between 
tho said bucket and the foot-vnlve entirely unnecessary, and 
we perfectly exclude the admission of any elastic fluid from 
the injection water into the internal working spaces of the 
engine. 

" In Figure 2 is represented a method of heating the water 
for feeding the boiler, by the admission of steam after its escape 
through c into the cistern /. The steam passes under a false 
bottom e, perforated with small holes, and heats the water 
therein, a jiortion of which witter is driven at every revolution 
of the lly by the small pum]) k, through I, z, iuto the boiler A. 
We also on some occasions produce a more equable rotary 
motion in the several parts of the revolution of any axis moved 
by steam-engiuea, by causing the piston-rods of two cylinders to 
work on the said axis by cranks at one quarter turn asunder. 
By this means the strongest part of the action of one crank is 
made to assist the weakest or most unfavourable part of the 
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action in the other, and it becomes uanecessary to load the 
work with a fly. 

" Figuru 4 is an upright section, and Figure 5 is a plan of 
the engine, with rollers for pressing or crushing sugar-canes, 
moved by a stcam-engino improved and applied according to 
our said new Invention. B ia a case, in the form of a drum or 
cylinder, suspended upon two stroug tiiinnions or pivots at 

and 0, ita flat ends standing upright ; within the iron case is 
fixed a boiler A, not much smaller in its dimensions, but so as 
to leave a vacant space between itself and the case, and within 
tho boiler is fixed a fire-place, having its grate above the aali- 
hole 15 ; the lieated vapour and smoke rises at the inner 
extremity, and passes throngh two flues E, E, Figuro 5, which 
join above at E, m, Figure 4, in the chimney E, which is there 
loosely applied, and is sluug. betweeu centres in a ring at F. 
The working cylinder C, wit!) its piston, steaui-pit>e, nozzle, and 
cock, are iuserted in tlie boiler as here delineated. The piston- 
rod drives tho fly T, T, upon the arbor of which is fixed a small 
wheel, which diives a greot wheel upon the axis of tho middle 
roller. The guides are rendered unnecessary in this application 
of tho ateam-engiue, because the piston-rod is capable, by a 
borizontal vibratory motion of the whole engine upon ita pivots 
0, to adapt itself fo all the required jwsitions, and while the 
lower portion of tho chimney E, m, Figure 4, partitkes of this 
Tibratory motion, the upper tube E, F, is enabled to follow it 
by its play upon tlie two centres or pivots in the ring F. In 
such cases or constructions as may render it more desirable to 
fix the boiler with its chimney and other apparatus, and to place 
the cylinder out of the boiler, tho cylinder itself (nay be sus- 
pended for the same purpose upon trunnions or pivots in the 
aame manner, one or both of which tiutinions or pivots may Ihj 
perforated so lui to admit tlio introduction and escape of the 

fSteam, or its condensation as before mentioned. And in such 
caseB, when it may be found necessary or exiiedient to allow of 
no vibratory motion of the boiler or cylinder, the Hime may be 
fixed, and the methotl of guides be made use of, as in Figure 

1 or 2. The manner in which the cock is turned is not ropre- 
Bented in these two drawings, but every competent workman will, 

K 2 
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without difficnlty, untlerstand that this effect may be produced 
by tlie same means aa in Figure 1, or otherwise by the stroke 
of pirn duly placed in the circumference of the fly, and made to 
act upon a cross fixed ou the axis uf the cock, or otherwise by 
the method used in the carriage. Figure 6, and hereinafter 
described. The steam wliich escapes in this engine is made to 
circulate in the case round the boiler, where it prevents the 
external atmosphere from affecting the temperature of the 
ini^luded water, and affords, by its partial condensation, a supply 
for the boiler itself, and is or may be afterwards directed to 
useful purposes as aforesaid. 

" Figure fi is a vertical section, and Figure 7 the plan of tlie 
application of the improved steam-engine to give motion to 
wheel-carriages of every description, B represents the case, 
having therein the boiler with its fire-place and cylinder, as 
have been already described in Figure 4. 

" The piston-rod P, Q, Figure 7, is divided or forked, so as to 
leave room for the motion of the extremity of the crank R The 
said rod drives a crossipiece at Q backward and forward between 
guidefl, and this cross-piece, by means of the bar Q, K, gives 
motion to the crank with its fly F, and to two wheels T, T, ujwn 
the crank axi.-% which lock into two f-orrespondent wheels U upon 
the naves of the lai^e wheels of the carriage itself. The wheels 
T are fitted upon round sockets, and receive their motion from 
a striking box or bar S, X, which acts upon a pin in each wheel. 
S, Y, are two handles, ly means of which either of the striking 
boxes 8, X, can be thrown ont of gear, and the correspondent 
wheel W by that means disconnected with the first mover, for 
the pur|>ose of turning short or admitting a backward motion of 
that wheel when required. But either of the wheels W, in case 
of turning, can be allowed considerably to overrun the other 
witliout throwing S, X, out of gear, because the pin can go very 
nearly round iu the forward motion before it will meet with any 
obstruction. The wheels U are moat commonly fixed upon the 
naves of the carriage-nheeh \V, by which means a revolution of 
the axis itself bocomoe uimecessary, and the outer ends of the 
said axis may consequently bo set to any obliquity, and the 
other part fixed or bendc<l, as the objects of taste or utility may 
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demaud. Tbe fore wheels are applied to direct the carriage by 
means of a lever H, aud there is a clieck-lever which can bo 
applied to the fly, in order to moderate the velocity of progres- 
sion while goiug down hill. In the vertical section, r, u, denotes 
a springing, lever, having a tendency to fly forward. Two le^'era 
of this kind are duly and similarly placed near tbe middle of 
the carriage, and each of them is alternately thrown back by a 
short bearing lever S, t, upon the crank axis, which sends it home 
into the catch u, and afterwards disengages it when the bearing 
lever comes to press njKin V, in which case the springing lever 
flies back. A cross-bar or donble handle o, p, is h'xed npon tbe 
upright axis of the cock, from each end of which said cross-bar 
proceeds a rcni p, q, which is attached to a stud j, that forms 
part of the springing lever r, u. This stud has a certain length 
of play, by means of a long hole or groove in the bar, so that 
when the springing lever r, u, is pressed, up, the stud slides in 
the groove without giving motion to p. When tbe other spring- 
ing lever is disengaged, it draws the opposite end of p, o, by 
which means p draws tbe long bole at q, up to its bearing 
against the stud, ready for tbe letting oft' of that firet-moutioned 
springing lever. Wlien this last-mentioned lever comes to be 
disengaged, it suddenly draws p back, and turns tbe cock ono 
quarter turn, and performs the like office of placing the 
horizontal rod of tho other extremity of ^, o, ready for action by 
il« own springing lever. These alteriiatious perform tho open- 
ing and shutting of the cock, and to one of the spring levers 
r, «, is fixed a small force-pump w, which draws hot water from 
tlie case by the quick back-stroke, and forces it into the boiler 
by tbe stronger and more gradual pressure of S, t. It is also to 
be noticed, that we do occaaioually, or in certain eases, make tbe 
external periphery of the wheels W uneven, by projecting heads 
of naila or bolts, or cross-grooves, or fittings to railroads when 
required ; and that in cases of hard pull we cause a lever, bolt, 
or claw, to project through the rim of one or both of the said 
wheels, so aa to take hold of tbe ground ; but that in general the 
jordinary structure or figure of the external surface of these 
wheels will be found to answer the intended purpose. And, 
moreover, we do observe and declare, tliat the power of the 
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engine, witb regard to its convenient application to the carriage, 
may be varied, by cbauging the relative velocity of rotation of 
the wheels W.eompared with that of the axis 8, by shifting the 
gear or toothed wheels for others of different eizes properly 
adapted to ea«'h other in various ways, which will readily be 
adopted by any person of competent skill in machinery. The 
body of the carriage M may be made of any convenient size or 
figure, according to its intended uses. 

" And lastly, we do occasionally use bellows to excite the fire, 
and the said bellows is worked by the piston-rod or crank, and 
may be fixed in any situation or part of the several engines 
herein described, as may be found most convenient." 

A little repetition may be necessary in drawing the 
reader's attention to tlie number and variety of valu- 
able practical inventions in this notable patent 8j»ecifi- 
eation of 1802. Figures 1, 2, 3, show a portable higli- 
pressure steam-engine, the boiler of which is a hollow 
globe of cast iron, having the under side indented for 
the fire-place. A casing of iron, coated with fire-clay, 
forms the flues surrounding the boiler. The cbimnev 
is of iron, attached to the flue. The cylinder, of most 
simple form, is let partly into, and fixed in tlie boiler. 
From its top, two upright bars serve as supports for 
the crank-shaft, and also as guides for the piston-rod. 
A roller on the top of the piston-rod causes it to work 
easily in the guides. A four-way cock is moved by a 
compoimd eccentiic, called a snail. If the action of the 
eccentric, which was nearly, or quite, a new thing, was 
unsatisfactory, the cock might be worked by the well- 
known method of lappets. A throttle-valve regulates 
the supply of steam. An air-pnrap may be used, con- 
densing in the exhaust^steam pipe in preference to the 
larger condensing vessel used in the Watt engine ; or 
the engine may be worked as a pufler, without con- 
densing ; in wliich ease tlie waste steam warms the 
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feed-water, which is forced into the boiler by a phmger- 
pole. 

Figures 4 and 5 sliow his high-pressure portable 
Bteam-eiigine applied to a cruRluug machine. The hoiler 
in that engine is a cylinder of wrought iron with flat 
ends, liaving thiee internal wrought-iron tubes. The 
fire-place is in the lower of the tubes, which tube 
extends the length of the boiler, and returns to the 
fire-door end as a double tul^e, where it joins the 
wrought-iron chimney. The boiler is enclosed in a 
case slightly larger, just allowing space for the pas- 
sage of the usetl steam, thus sheltering the boiler from 
external cold, and supplying hot feed-water, or reserve 
Bteam for other purposes. 

I The boiler is supported on two centres or trunnions, 
on which it moves or oscillates. The cylinder is 
fixed in the steam space of the boiler. The piston-rod 
attaches direct to the crauk. The trunnions serve as 
I eteam-ways. The chimney is wrought iron, suspended 
on a centre to allow for the oscillation of the- boiler; 
or the boiler may be fixed, the cylinder alone oscil- 
lating. Two cylinders are recommended in preference 
to one, witli cranks at right angles. 

The crank-axle is fixed on a cast-iron frame, which 
also supports the boiler, chimney, and crushing rollers; 
the whole apparatus being' complete, without masonry 
or woodwork. 

How very distinct is this description of engines, 
patented seventy years ago : and these were not mere 
floating ideas, but the result of true and practical know- 
ledge, tested by prior experience. 

This particular combination of parts is similar, in 
a practical sense, to the double-cylinder, oscillating 
marine engines of the present day. The tubular boiler 



TATEwi or Me. ASD tonos EJOCOHOmrK 

I of sBall Inlk, ao anaD tfaat it miglit reasooaUy omnU 

I kte. TIk boiler-diies wIkJIt int^nal. Tbe cyUtider 

L aod the boQer protected from tfae cold, and the feed- 

i mtcr healed b^ tbe med ateara on its way to tlie 

' thhnjwj- ererrtliing nB>Il, and portable, and coni- 

1 i^ete, and attadied to the &ame that supported the 

machine to he pot in nkotion. Trial engines had beeo 

oonstmcled before tfae date of the patent to prove their 

efficteocy. 

figure 6 is of a locomotive and carriage for couunan 
roodfl. Tbe boiler is cylindrical, made of wrought iron, 
with two internal tabes, for fire-place and flue, called the 
U, or return tube. The cylinder is fixed in the boiler, 
and placed in a horizontal position, close behind the 
driving axle. The end of the piston-rod is split into 
four roda, working in a guide, that the crank-axle may 
lie brought near to the cylinder. Changeable tootli- 
wlieelti with couplings connect the crank-axle with the 
driving wheels. A fly-wheel equalizes the movement 
and serves as a brake. The four-way cock is worked 
by Hpriiig levers, resting against projections on tbe 
crank-shaft, being an eccentric simplified. A spring 
lever also works tbe feed-pole. The two driving wheels 
are of wood, about 10 feet in diameter. The two guide- 
wbccU about 4 feet. Nearly the whole weight of ma- 
chinery and passengers comes on the driving wheels. 
The geiir-wlicol on the ci'ank-axle is 3 feet in dia- 
meter, working into a 4-feet on the driving axle, thus 
iiicruasing tlio power of the cylinder. Those gear- 
whools could bo ehiftwl, to vary the power or speed. 
Tlio (ii'o-door and cliininey were both at the back end, 
but aie not sliown. The framing is of wrought iron. 
Tlio whole engine is now in design, and totally dif- 
furout. from llie lirnt (.'imitwrne engine. The horizontal 
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cylinder takes the place of tbe earlier vertical cylinder. 
The forked piston-roJ is the mechanical novelty that 
has since become widely useful, being what is now 
known as the side rod, or side beam and cross-head 
movement, largely used in steamboats. 

Neither of the drawings shows the passage of the 
waste steam into the chimney. The st^am-blast and 
the adhesion of the wheels were stumbling-blocks to 
a generation following Trevithick. He saw both of 
them plainly, though the best form of the blast-pijie 
was not quite decided on, and therefore not drawn. 
In the specification he says of the first drawing, — 
" The steam may escape into the outer air, or be 
directed and apjJied to heatinj;; fluids, or other useful 
purjx>ses." And again, " but the steam, after the 
operation, is or may be usefully applied aa before 
■mentioned." In describing the second engine,—" The 
steam which escapes In this engine is made to circulate 
in tbe case round the boiler, where it prevents the 
external atmosphere from affecting the temj)erature of 
the included water, and affords, by its partial con- 
densation, a supply for tbe boiler iti>elf, and is or may 
be afterwards directed to useful purposes as afore- 
said." In tlie third or locomotive engine, having 
ft boiler very similar to that just described, he says, 
"and lastly, we do occasionally use bellows to excite 
the fire." 

Tiie bellows is not drawn any more than the blast- 
pipe, though both were used in the first Camborne 
engine prior to the patent, but only the blast-pipe was 
used after the patent. Years of experience have 
; locomotive engineers that the best efiect of the 
ts particular s 



blast-pipe depem 



r shape and positio 



ill the chimney. This difficulty Trevithick lelt, as 
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shown by the wording" of the specification, and absence 
of a drawing of the pipe; but the idea was distinct, 
and the .proof is in bis constant nse of the blast^pipe, 
from the first trial. 

On the grip or adhesion of the wheels, he says: — 
" We do occasionally, or in certain cases, make the 
external periphery of the wheels uneven, by projecting 
heads of nails or bolts, or cross -grooves, or fittings 
to railroads when required ; and that in cases of 
hard pull we cause a lever, bolt, or claw, to project 
through the rim of one or both of the said wheels, 
BO as to take hold of the ground ; but that in general 
the 01'dina.ry structure or figure of the external surface 
of these wheels will be found to answer the intended 
purpose" 

Mr. Symons' recollects distinctly Captain Andrew 
Vivian explaining to him and others that his partner 
(Trevithick) must be wrong about his proposed tram- 
way engine. " If the wheels slipped on the rough 
gi'ound, tliey would slip much more on the smooth 
iron." This was said when the patent was being taken 
out, in which Trevithick and Vivian state "the grip 
will be found sufficient." " Trevithick was one of 
those men who would have his own way." On this 
vital question of adhesion his partner was dead against 
him, and in his view was backed by general opinion, 
which remained more or less in force lor fifty or more 
years; while, on the other hand, his early practical 
inventions were clogged by the .hesitating and never- 
carried-out patent claim of Watt, " I intend in many 
cases to employ the expansive force of steam, to press 
on the piston, in the eame manner as the pressure 



' Living at Cambonus ii 
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fof tlie atmosphere is now employed in common fire- 
I engines. In eases where cold water cannot be had in 
[ plenty, the engine may be wrought by the force of 
I steam only," 

The failing to see or to understand what Trevithick's 
I Working experiments clearly pointed out, has caused 
I millions of money to be wasted in avoiding' inclines 
Land curves on railways that could easily have been 
sed by the locomotive engine and its train of 
f carriages. 

The patent having been secured, Trevithick was hard 
I at work in Cornwall, on liis portable high-pressure 
[■engines, to he adapted to any purposes where power 
I from coal was cheaper than from men or horses, 

Another common road locomotive waa in progress, the 

trials of which are spoken of in a former chapter as the 

Tuckingmill locomotive. Its form was not sufficiently 

, described by the old men who recollected its running 

kwhen they were boys, to enable the writer to give a 

I drawing. It performed longer journeys than the first 

I one, and probably those trials suggested further changes. 

The engine portion was sent to London, there to bo 

[ supplied with larger wheels, and a suitable carriage for 



A letter' of May 2nd, 1803, speaks of a high-presBure 
k engine working very satisfactorily in London, tuming 
I and boring brass cannon for the Government, working 
I with steam of 40 to 45 lbs. on the inch. 

The Tuckingmill locomotive engine had at that time 
[ just arrived in Ixjndon. The cylinder was 5^ inches in 
I diameter, with a stroke of 2J feet. With 30 lbs. of steam 
it worked fifty strokes a minute. 



' Sec letter, May 2nii, 1803, chap. * 
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The tbllowing extract from Auijrew Vivian's account- 
book authenticates the dates : — 

£ J. d, 

" 1801, — Expenses to \Vm. West abcput first cftrriage. 
1803, Jauuary. — Wm. West, eipenaea st Messrs. Harvey 

and Cu., pn^ring ii new uyljudcr. 
Feb. and Harcii. — Ditto, prL-paring a boiler. 

Ditto, tiTi! inuuths' espensea iu London. 
Jan., 1803. — Andrew Viviftu, espenaea in London, and 

quay dues at Falmouth. 
July, 1803.— To Felti», for building the coach ., .. 83 5 
Aug., 11103.— Tu paid Messrs. Foxes, shippeiv, Falmouth, 

for larriagK of tlie engint to Loudou ., 20 14 11 " 

A rough draft of a letter from Captain Andrew 
Vivian' to Sir Richanl Vyvyau, says: — "At the time 
it was on the road in London, my partner was not 
with me ; it ran well ; however, there was some defect, 
ami our finances being low, we were compelled to 
abandon it." 

A draft, of a letter by the late Captain Henry Vivian,' 
a son of Captain A. Vivian, says : — 

"They carried their t-iigine to London about the middle of 1803. 

" I well recollect its going up and down our town several 
times ; and the rise for about 300 feet b 1 in 20. 

"llie women used to call it the devil. Not making it 
answer, they sold it to a company iu Merthyr Tydfil, in Wales, 
where it ran on a tramroad. 

" My father went to London in 1801, and again in 1S02. He 
himself worked the engine when it ran from Leather Lane, 
from the shop of Mr. Felton (who built the carriage, and he 
and his sons were with the engine all the first day it ran), 
through Liquorpond Street, into Gray's Inn Lane, by Lord's 
Criciet Ground, to Taddington and Ishugtan, and hack to 
Leather Lane. 

" Mr. Gurney never saw the engine that was built here, for it 
was destroyed by fire' before he came to Camborne with me, as 
stated iu my fatlier's letter." 

' WrilUu ill July, lt^4. ' twe IctUi i>( Davics Gilbert, 
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This Becond locomotive, tried in Camborne in tlie 

latter part of 1802 or eommeiicement of 1803, was 

[ sent to London in January, 1803. William West was 

I then at Harvey's foundry in Cornwall, preparing a 

new cylinder; and still in February and March he 

I was there preparing a new boiler, after which he was 

for five months in London, about the steam-carriage; 

I and in August, Felton was paid for building the 

[ coach. 

The London locomotive of 1803 was a great improve- 
ment on the former ones ; it was not so heavy ; and the 
horizontal cylinder, instead of the vertical, added very 
much to its steadiness of motion ; while wheels of a 
J. larger diameter enabled it the more easily to pass over 
I ))ita of bad road, which bad brought the Camborne 
I one to a standstill. The boiler was wholly of wrought 
I iron, and, with the engine attached to it, was put 
[ together at or near Fellon's cai'riage shop in Leather 
iLaite; Trevithick, Andrew Vivian, and William West 
■ ■were with it; and Arthur Woolf (then in Trevitliick's 
f pay with the first high-pressure eeiit to London) eamo 
I to see what was going on. 

Andrew Vivian ran it, one day, from Leather Lane, 

[ Gray's Inn Lane, on to Lord's Cricket Oround, to 

IPaddington, and borne again by way of Islington — a 

L journey of balf a score miles through the streets of 

I Ijondon. Trevithick was not on the engine on that 

' occasion. Andrew Vivian was not an engineer, and 

would not have ventured on so long a run had there 

not been prior proof of what the engine could do; 

and the fact of an altered cylinder and boiler having 

I been under construction in Cornwall after the loco- 

I motive had been sent to London, proves that several 

f trials had l>ecn made, and changes foun<l necessary. 
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"Captain Joseph Vitian reeoUects tliat about 1S03, his 
father, then a captain of a vesst-l, oa his return from Loodon 




told them that he and his nephew, John Vivian, had been 
invited to take a bit of a drive witli C.iptaiii Trevitliiek and 
Captain Andrew Vivian on their steam-carriage : they went 
along pretty well tlirough a good many streets', and were invited 
again for tlie next day ; but Captain Vivian thought he was 
more likely to suffer shipwreck on the steam -carriage than on 
board his vessel, and did not go a second time." 

" Captain John Vivian, H.M.P.S,, was, about the middle of 
1803, on board his ancle's vetiael in London, and often went 
to see the steam -carriage putting together at a coacli-bailder'B 
shop in Leather Lane. Captain Trevitlnck and Cajttain Andrew 
Vivian were there, and Mr. William West was the principal 
man in putting the engine together. Mr. Arthur Woolf fre- 
quently came in, he being engaged close by as an engineer 
in Meux'e brewery. 

" Thinks the engine had one cylinder, and three wheels ; the 
two driving wheels behind were about 8 feet in diameter. 
The boiler and engine wore fixed just between those wheels. 
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steering wheel was Hmaller, and [ilacoJ in front. There 
some gear-wheels to connect the engine with the driving 
ila. The carriage for the passengera would hold eight or 
Iten pereonSj and was placed between the wheels, over the 
engine, on springs. One or two trips were made in Totteaham 
Court Road, and in Euaton Square, One day they started 
about four o'clock in the morning, and went along Tottenham 
Court Eoad, and the New lload, or City lload : thero waa a 
canal by the side of the road at one place, for he was thinking 
how deep it was if they should nin into it. Tliey kept going 
on for four or five miles, and sometimes at the rate of eight or 
miles an hour, I was steering, and Captain Trevithick 
id some one else were attending to the engine. Captain 
iek came alongside of me and said, ' Sho is going all right,' 
Tea,' said I, '1 think we had better go on to Cornwall.' She 
going along five or six miles an hour, and Captain Dick 
lied out, ' Pat the lielm down, John ! ' and before I could 
tell what was up, Ca|)tain Dick's foot was upon the steering- 
wheel handle, and we were tearing down six or seven yards of 
railing from a garden wall. A person put his head from a 
window, and called out, ' Wliat the devil are you doing thei-e ! 
'hat the devil ia that thing ! ' 
They got her back to the coach factory. A great cause 
of diiBculty was the fire-bars shaking loose, and letting the fire 
fall through uito the ash-pan. 

"The waste steam was turned into the cliimney, and puffed 
but with the smoke at each stroke of the engine. When the 
steam was up, she went capitidly well, but when the fire-bars 
dropped, and the fire got out of order, she did not go well. 

I heard afterwards that the framing of the engine got a 
t, and she was used to drive a mill for rolling hoop-iron ; 
id also that she ran on a tramroad laid down in Regent's 
■k." ■ 

In 18IjO, Mrs. Humblestono recollected Jlr, Trevithiok'a 
,m-carriage go through Oxford Street; the shops were closed, 
numbers of persons were waving handkerchiefs from the 
sea; no horses or carriages were allowed in the street 

^ Copt-iiu John Vivinn <li«i .laniitiry, 1B71, nt Hnyle, iigcd eight y-spven years. 
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during the trial. The carriag'' inove«i along very quickly, 
and there was great rheering. At that time she kept a shop 
next door to the Pantheon, and it, like the others, was closeil. 
Her hiiahand was employed with Mr. Trevilhiek at the 13]ack- 
wall di'edgera or the Tunnel." ' 

The reader must not imagine that these few records 
collected of events witnessed by but very few who still 
live, nor that the slifi^lit notice to he found of them 
in written history are indications of their want of im- 
portance, or of their having been mere passing expe- 
riments. They were the first and firm steps of the 
young locomotive, which Trevithick laboured for yeai-s 
to Ktrengthc-n and make UFcful, and which would have 
given to our fathers some of the benefits we receive 
from steam locomotion had they had the good sense to 
comprehend Trevithick. Two years of locomotive' ex- 
periments in Cornwall were followed by six or eight 
months of trials in the streets of London, commencing 
with January, 1 803, when the locomotive was for- 
warded from pornwall. 

The day on which Captain John Vivian steered, tliey 
started at four o'clock in the morning, going through 
Tottenham Court Road and the City Road, sometimes 
at a speed of eight or nine miles an hour, and so suc- 
cessfully that — in joke—they talked of keeping on imtil 
they reached Cornwall, when bad steering, rather than 
engine defects, brought them to a standstill. It pas.«ed 
through Oxford Street at a good pace, amid cheers and 
waving of handkerchiefs. Undoubtedly other trips were 
run, but we have evidence sufficient to prove that tlie 
streets of London were saiely passed through by the 
steam-horse at about the speed of the living horse. 

' Sljitriiifdt liv Mrs. I{iimlj|cst.ine, .'"il, Enrl Ptni't, Islliist.rti, It«M>. 
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Feltoii'a caniiige, to carry six or eight persons, placed 
over the engine and boiler between the large driving 
wheels, was supported on springs from the engine 
framing, which was of wrought iron. The boiler 
was of wrought iron, with internal return fire-tube. 
The fire-Joor and chimney were at one end. The 
cylinder was fixed in the boiler horizontally, and the 
crank was just under the carriage : coal and water were 
carried on the engine platform. The steam-blast in the 
chimney caused the small boiler to produce the neces- 
sary quantity of steam, and the increased size of the 
driving wheels to 8 or 10 feet in diameter gave a 
better grip, and enabled the engine and its load to pass 
jnore easily over road inequalities. 

These continued trials and their consequent cost 
drained to tlie bottom the pockets of the inventors, and 
put an end for a time to locomotive experiments. The 
Bteam-earriage was sold for what it would bring, and the 
engine portion beavme a hoop-iron rolling-mill engine. 

All the partners, except Trevithick, were disheartened 
at this result of steam travelling. He and Vivian at 
that time held each two-fifths of the patent, and West 
one-fifth ; none of tliera received a penny, and tliey paid 

I their losses as best they could. 
Trevithick had learnt, however, from the shockB on 
^e rough pavements, that a smooth road of iron was 
Ithe thing to enable the steam-horse to run well, and 
firom that time gave his thoughts to the railway form 
of locomotion. 

It has been said that Trevithick was a pnpil of Mur- 

t'l'v-h's, and learned from him the knowledge of the 
.m-carriage.' Murdoch's model was made in l'r84, 
' siiiiw * 
or.. I. 
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when Trevithick was a boy of tliirteen. Murdoch's ex- 
periments, which never bore fruit, were made in the 
dark and in secret. His model had a cylinder | inch in 
diameter, with a 2-inch stroke; its boiler was a square 
box of copper, 4 inches on tlie side, heated by a lamp. 
Its Bma;tlQe6s did not admit even of a hiiputian engine- 
man, and, having no guide, it could not run. 




The following particulars were read at the Institute 
of Mechanical Engineers in 1 850, and from them the 
writer first learnt of Murdoch's attempt, though he had 
lived many years among engineers within ten miles of 
Murdoch's residence at Eedriith : — 

" Watt's friend and assistant, William Murdoch, took up the 
idea of a fiteam-corriage, broached by his patron, and constructed 
a non-condensing eteam-Iocomotive, of liliputiau dimensions, in 
the year 1784, the date of "Watt's second patent. This locomo- 
tive, placed on three wheels, is shown in Fig. 1. 

" The boiler is of copper; the flue passes obliquely through it, 
and is heated by a spirit-lamp. The cylinder is f inch diameter, 
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and hiB 2 inches stroke; it is lixed ou tlie top of tlie boiler, 
and the piston-rod is connected to one end of a vibrating beam, 
to whifh also is attached the connecting rod for working the 
crank of the driving axle. 

"Tiic slide-valve is double, cylindrical, and worked directly 
by the beam, which strikes the shoulders of the valve-spindle; 
and the exhaust steam passes throngh tlie hollow of the spindle, 
going out near tlie top. One of the wheels only is fixed on the 
crank-asle, and a single wheel is placed in front, working in a 
swivel frame, to allow the carriage to run in a small circle. 
The driving wheels are 9^ inches diameter, and the leading 
wheel 4| inches. Notwithstanding these diminutive dimensions, 
this little gentleman managed to ontrun the inventor on one 
occasion. 'One night, after returning from his duties at the 
mine,' in Redruth, Cornwall, whcro he resided for some time, in 
charge of the raining engines, ' he wished to put to the test the 
power of his engine ; and, as railroads were then unknown, he 
had recouree to the walk leading to the church, situated about 
a mile from the town. This was very narrow, but kept rolled 
like a garden-walk, and bounded on each side by high hedges. 
The night was dark, and he alone sallied out with his engine, 
lighted the fire, a lamp under the boiler, and off started the 
locomotive, with the inventor in full chase after it. Shortly 
after he heard distant desi>air-like shouting ; it was too dark 
to perceive objects, but he soon found that the cries for as- 
sistance proceeded from the worthy pastor, who, going into 
town on business, was met on tliia lonely road by the fiery 
monster, whom he subsequently declared he took for the Evil 
One in propria persona.' " ' 

The foregoing ledthe writer to make inquiries amoiig 
olJ men at Redruth who liad been intimate with Mur- 
doch. Nothing could be learned, except an indistinct 
recoHection tliat they had lieard that something had 
I been tried. As a last resource, the daughter of the 
" worthy " hut frightened pastor was sought for, and 

' Biographical notice of WiULaiii Miirdorli. by Mr, Buckle. D. K. Cliirks 
' Rsilwn;? Macliinery," pnbliaheii 1^5.1. 
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tfaov^ bat s ^iid vben her pwenU t«M the siorr, 
gave die SMowiag wiih all the fredmeGs of a modern 
event : — 



" On a iatk evening htf |tr—*°. retoroiag ftDin Bedmtb to 
the ntaugfi, were imiiwhil atartled by a fixzbg soond, anil 




Hiiw u little tiling on the road moviug in a zigzag ivay. Mur- 
docli wtiH witli it; her parents knew hira well. They understixxl 
tliat Mur(lm;li wished the experiment to be kept secret, and slie 
doe« not recollect ever hearing of it afterwards, though she fre- 
quently Httw Murdoch and heard of his engineering occupations. 
Ml'. \Vil*ni, the agent for Boultou and Watt, was a frequent 
viHitor at ho.r lather's house."^ 



cfiUpctinng, PpnzBncp, 1669. 
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Only oiie of the driving wheels was fixed on the 
driving axle, which fully accounts for its travelling in 
zigzags. 

The following letter by Trevithick, In 1803, shows 
that he lost no time in applying his locomotive engine 
to tramways : — 

" BouItoQ and Watt sent a letter to a gentleman of tKis place, 
who IB about to erect some of these engines, saying that tliey 
knew the effect of strong steam long since, and should have 
erected them, but knew the risk was too great to bo left to care- 
less enginemen. That it was an invention of Mr, Watt, and 
the patent waa not worth anything. This letter baa much en- 
couraged the gentlemen of this neighbourhood respecting its 
utility. As to the risk of bursting, they say it can be made 
quite secure. 

" I beliere that Messrs. Boulton and Wiitt are about to do me 
every injury iu their power, for they have done tlieir utmost to 
report the explosion, both in the newspapers and in private 
letters, very different to what it rejilly was. They also state 
that driving a carriage was their invention; that their agent, 
Murdoch, had ma<le one in Cornwall, and had shown it to Captain 
Andrew Vivian, from which I have been enahled to do what I 
have done. I would thank you for any information that you 
might have collected from Eonlton and Watt, or from any of 
their agents, respecting their ever working with strong steam, 
and if Mr. Watt has ever stated in any of his publications the 
effects of it ; because if he condemns it in any of his writings, it 
will clearly show that he did not know the use of it. 

" There will be a railroad-engino at work here in a fortnight ; 
it will go on rails not exceeding an elevation of one-fiftieth part 
of a perpendicular, and of considerable length. 1 have desired 
Captain A. Vivian to wait on you to give you every information 
respecting Mni-doch's carriage — whether the large one at Mr. 
Budge's foundry was to be a condensing engine or not." ' 



' See Trevithirk's letter, lat October, 1803, clinii. 
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The simplicity of Trevithick's question brings out tlie 
truth : " If Watt condemns the use of high steam in 
any of his writings, it will clearly show that he did not 
know the use of it." 

Dr. Robison/ the scientific and intimate friend of 
Watt, says ; " It is well known that Mr. Watt retained 
up to the period of his death, the most rooted prejudices 
against the use of high steam." He also speaks of a 
design for a locomotive by Watt, in 1784, with a wooden 
boiler, and sun-and-planct wheels. Those schemes of 
Watt and of Murdoch may have some relation to the 
story that Captain Andrew Vivian was to speak of t« 
Davies Gilbert, " whether the large one at Mr. Budge's 
foundry was to be a condensing engine or not." 

Jiudge' was a clever Cornish meolianic, and had 
small workshops and a foundry at Tuckingmill ; working 
frequently for Trevithich, sen., prior to Watt's appear- 
ance in Cornwall. If Watt never worked with high 
steam, his contemplated locomotive must have been a 
condensing engine. 

This opens up a curious question in the history of the 
steam-engine. It is evident that Murdoch attempted 
a working model of a locomotive in 1784, but failed, 
and Watt blamed liis agent for so throwing a.wa.y his 
time. It is also evident that Watt had his plans for 
ao coraotive as described by Dr. Robieon, and it now 
seems more than probable that to put his ideas into 
form he employed Mr. Budge, whom we have met 
with as the mechanic employed by Trevithick, sen,, 
in erecting his Carloose engine of 1775, and in which 
an increased pressure of steam was piobably used, from 
the improved boiler. 



' Sue Dr. liobison's statement, chap, vii. 
' See Budge erecting Trpvitli link's rngini 
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We may never know what passed between Budge, 

*Watl, and Murdoch. Murdoch's model, with one driving 

wheel, wobbled like a lame duck, and dii:Jappeared after 

one brief airing on a dark night ; hie boiler retained the 

weak flat sides of the low-pressure system, and "Watt 

talked of a still weaker boiler to be made of wood. 

Fifty years ago the writer wondered what was carried 

I on inside the dirty walls and windows of what had 

len Budge 'a foundry, but never dreamed that perhaps 

iie construction had been attempted of a low-pressure 

I Bteam locomotive vacuum engine, with wooden boiler 

rand sun-and-planet wheels. 

Tliere was no similarity between those proposed loco- 
Imotives and Trevithick's realities. 
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CHAPTEB iX. 

TKAH ASP RAILWIT LOCDKCmna. 

TllR energy with which Trerithick fuUowed up and 
made umM his inventions is, if possible, more wonder- 
fti! than his never-failing faculty of bringing together 
oM (hingH uiider new and improved forms. It was a 
Haying in Cornwall that Captain Dick would make 
a capital working steam-engine from the scrap heap or 
castaways of ordinary engineers. 

While busy with the work mentioned in former 
chapterH in Cornwall and London, he carried on other 
and new designs in South Wales and Shropshire; and 
in August, 1802, the Coalbrookdale Company were 
building for bim a railway carriage or locomotive, 
though they feared to attempt its construction, or dis- 
believed Trevithick's promise that such an engine would 
work well, without the Watt air-pump and condenser. 

He therefore designed an engine suitable for loco- 
motion, and at the same time adapted it to force water 
a certain height, so that its power might be seen and 
accurately measured by the unl)eliever8. A 10-inch 
pump hftviiig a 4-fect stroke was attached to the engine, 
which forced water up a column of pipes 35 feet bigh. 

This engine had all the leading features of the 
modern locomotive. The boiler was cylindrical, 4 feet 
in diameter, and gave steam of any pressure from 
fiO Ibtf, to 145 lbs. on the yquare inch. 



A blast-iiipe. witli a regulatir 



cock, 



used the 
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boiler to give a full s\ip])l_y of steam, nrnl also heated 
the feed-water. 

The cylinder was 7 inches in diameter, with a stroke 
of 3 feet, and, with its gear-work, was attacJied to the 
boiler. 

The term blast-pipe was then unknown to describe 
the thing just brought into use. But the expressions, 
" the steam continued to rise the whole of the time it 
worked," until it became unmanageable, and " I was 
obliged to stop, and put a cock in the mouth of the 
discharging pipe," and a small hole in the discharge- 
pipe to allow some of the blast-steam to escape into the 
feed-warmer, through which it passed, prove the in- 
vention of the blast-pipe, with its regulating cock and 
transmission of heat from surplus steam into the feed- 
water, to have been as fully understood and practically 
applied by Trevithick in 1802 as it is by us in the 
present age, when innumerable blast-pipes are in use. 

" COALBROOKDALB, SrROPBBIRB, 

" D.vviES Giddy, Esq., " ^113. 2£nrf, I802. 

"Sir, — I bIiouIJ have written to you some time since, 
but not having made sufficient trial of the engine, have deferred 
it until it is in my power to give you agreeable information of 
its progress. 

" The boiler ia 4 feet diameter ; the cylinder 7 inches dia- 
meter, 3-feet stroke. The water-piston is 10 inches in diameter, 
drawing and forcing 35 feet perfjendicular, equal beam. I first 
set it off with about 50 lbs. on the inch pressure against the 
Bteam-valvi', without its load, befo»e the [lumpa were ready, and 
have since worked it several times witli the pumps, for the 
inspection of the engineers about this neighbourhood. 

"The steam will get up to 80 lbs. or tlO lbs. to the inch in 
about one hour after the firo is lighted ; the engine will set off 
wlien the steam is about 60 lbs. to tlje inch, about thirty strokes 
per minute, with it* load. There being a great deal of friction 
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on sufli small engines, the steam continued to rise the whole of 
the time it worked ; it went from 50 lbs. to 145 lbs. to tlie inch 
in fuir working, forty stivkes per minnte; it became so unma- 
nageable lis the steam increased, that I was obliged to stop and 
put a cock in the month of the discharging pipe, and leave only 
a small hole ojwn of J by f of an inch for the steam to make its 
escape into the water. The engine will work forty strokes per 
minute with a pressure of 145 lbs, to the inch against the steam- 
valve, aud keep it constantly swimming when burning 3 cwt. of 
coal every four hours. I have now a valve making to put on 
the top of the pumps, to load witli a steelyard, to try how many 
pounds to the inch it will do of real duty when the steam on 
the valve is 145 lbs. to the inch. 

" I cannot put many more pumps, as they are very lolly 
already. Tlie packing stands the heat and pressure without the 
least injury whatever; enclosed you have some for ins[»erlion 
that has stood the whole of the working. As there is a cock in 
the discharging pij>e which stops the steam after it has done iU 
office on the piston, I judge that it is almost as fair a trial as if 
the pump-load was equal to the power of the engine. Had the 
steam been wire-draivn between tlie boiler and the cylinder it 
would not have been a fair trial, but being stopped after it has 
passed the engine, it tells much in its favour for bearing a 
greater load than it has now on. 

" The boiler will li'jid it-s steam a considerable time after the 
fire is taken out. We worked the engine three-quarters of an 
hour after all the fire was taken out from under the boiler. It is 
also slow in getting up, for after the steam is atmosphere strong 
it will take half an hour to get it to 80 lbs. or 90 lbs. to the 
inch. It is very accommolating to the fireman, for, fire or not, 
it is not soon felt. 

"The engineers at this place all said that it was impossible 
for so small a cylinder to lift water to the top of the pumpa, and 
degraded the principle, though at the same time they spoke 
highly in favour of the simple and well-contrived engine. They 
say it is a supornatural engine, for it will work without either 
fire or water, and swore that all the engineers hitherto are the 
t fools in creation. They ore constantly calling on rae, 
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for they all say tiiuy would never believe it unless they saw it, 
and no person here will take his neighbour's word even if he 
swears to it. They all eay it is an impossibility, and they will 
never believe it unless they see it. After they had seen the 
water at the pump-head, they said that it was possible, but that 
the boiler would nut jiiaiiitaiii its steam at that pressure for five 
minutes; but after a short time they went ofF, with a solid 
conn teua nee and a silent tongue. 

"The boiler is I^ incli thick, and I think there will be 
no danger in putting it still higher. I sliall nut stop loading 
the engine until the packing burns or blows out under its 
prtisaure. 

" I will write yon aj^in as soon as I have made further trial. 
If I had fifty engines I could sell tliem all hpie in a day, at any 
price I would ask for them. They are so highly pleased with 
it that no otiier engine will pass with them. 

" The Dale Company have begun a carriage at their own coat 
for the railroads, and are forcing it with all expedition. 
'• I remain, Sir, 
j~ " Your humble servant, 

^H " UlCHARD ThEVITQICK." 

W ire- Ji-d wing steam was an e;trly term I'or ex- 
[>an9ive working, and was familiarly spoken of by 
Trevitliick in 1802, though tlie enginuerH who came to 
see tlie new principle at work, some of tlieih i>erbapK 
from Soho, not many miles distant, where nune but 
low-pressure steam vacuum engine.'^ were made, said 
that this new liigh- pressure steam-engine, without con- 
denser, "degraded, the principle," because it did not 
use condensing water, though at the siinie time they 
spoke highly in favour of its simplicity, and of the 
smallness of the fire-place and boUer resulting from the 
use of the blast-pipe, which produced a white heat and 
■rapidly generated steam of great expansive force. 
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TCBs &«^ the expire' of 'Watt's still- 
Bng- the tDT^itkm of an engine work- 
mg I7 Ae |MMa of rfeun, Treviihick Lad carried 
\m MJf/Mimt Ugb-priBiKn poftn from Cornwall to the 
ovbiorto of SoboL 

Watt dn^i^eTBd, afia- Teara (rf* deliberation, the pro- 
prietT fif construct ittg higfa-presenre steam-engines; 
axid ao did otbtr engineas living near him, who thought 
an engine d eri T i^ its nmn power from racuum better 
than one that was in no way dependent on it. 

Tbey all eaid H was an impo^bilitv, and they would 
nevo- befiere it nnlen they eaw it ; but having seen 
the water at the pmnp-bead, tbey eaid that the boiler 
would not maintain its steam at the pressure for five 
minates; and so the sceptics passed from error to error, 
and were now in the mystery of the blast^pipe, a cause 
of confoBion to many ; and among them was Watt, who 
with a foil knowledge of the working of Trevithick's 
high-pressure steam-pnffer engines, and the all-powerfol 
authority of the Soho Works, never, during the re- 
maining seventeen years of his life, from the time of 
this public proof of the power and compactness of the 
non-condensing engine, constructed an engine with a 
blast-pipe. 

The boiler bearing this high-pressure steam was 
a cast-iron cylinder, li inch in thickness, having a 
wrought-iron internal return tube, similar to those he 
had during four or five years siipplied, first to the 
Cornish mines as portable engines, and tlien in the 
Camhorue common road locomotive. 

It required an hour after lighting tiie fire to raise 
the steam to 80 or !10 lbs. to the inch ; but when the 
engine was at work, and the blast came into play, the 
stcuni pressure rapidly increased to 14.'J lbs. This was 
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a shock of jinnihilation to the "VVnttites, whose tongues 
were silent and countenances changed. Instead of 
the stock of steam iu the small boiler dwindling to 
nothing in five minutes, it, strange to say, increased 
more and more in pressure, while the engine at the 
same time so wonderfully increased in speed and power, 
that even Trevithick had to stop the supply of steam, 
until some check could he placed on its startling power, 
by a vent-hole in the side of the blast-pipe. 

The dimensions of this engine correspond very nearly 
with the locomotive that followed it in Wales, and the 
Dale Company were so satisfied with its performance, 
that they at once commenced " a carriage for the rail- 
roads." 

Unfortunately, there is no further trace of this con- 
templated raih'oad of 1 802 among his papers. 

TrevitJiick was obliged to leave Coalbrookdale for a 
ime to follow up the common road locomotive trials in 
Cornwall, and the construction of the locomotive for 
London, where he and his partners were during the 
early months of 1803; but this did not prevent his 
finding time for other applications of the new steam- 
power. In the beginning of April, 1803, he had put 
to work high-pressure steam-engines in London work- 
ing with steam of 40 Ihs. to the inch ; wliicli were 
approved of by the Admiralty, and burnt less coal than 
the Boulton and "Watt low-pressure steam vacuum l 

engines, that had before driven the same machinery. I 

In Derbyshire " they were going on with spirit 
with their engine." It is not clear if this latter was 
also a locomotive, for about that time railways or tram- 
roads were used or proposed at both Coalbrookdale and 
in Derbyshire, 

kHis neichhoiirs in C'lriiwall. wlio t^eaccelv noticed 



158 TRAM AND lUn.WAY LO(»Mm'lVES. 

him at, home, gave faim in London an order for an 
engine, and the autumn of 1802 promised golden fruit. 
for London, Derbyshire, Shropshire, Wales, Cornwall, 
and other places used the high-pressure steam-engine's, 
whose apidicability to steam locomotion had been 
proved, and some one really talked of giving 10,000/. 
for one-quarter of the patent. 
" Hit. Giddy, " Urihto.,, May 2nd, isai. 

" Sir, — I set going an engine in London about four weeks 
since, for boring and tnmiDg brass cannon. The cylinder is 
1 1 inclies diameter and 3^-feet stroke ; it does the work of ten 
horses ; it consumetl five chaldrons of coal in twenty-one days, 
and worlts exceedingly -well. It works constantly from six in 
the raorning until eight at night, and keeps in the fire over 
night. It turua and bores four brass cannon at a time, anil 
turns a mill to grind cl&y at the same time. It requires the 
steam at a pressure of 40 to 45 lbs. to the incli to do its work- 
well, working about twonty-si.x or twenty-seven strokes per 
minute. It is much admired by everyone that has seen it, and 
saves a considerable quantity of coal, when compared with a 
Boulton and Watt. We use but thirty gallons of water iu the 
hour. 

" I waa sent for to explain the engine at the Ailmiralty Office, 
They sent to inspect it, and say they are about to erect several 
for their purposes, and that no other shall he used in the Go- 
vernment service. An engine worked in the place in which this 
now stands ; it was taken down for this to be put up in its place. 
The proprietor of the gun factory has one other now at work, 
and has given an order for one more from me, and will take 
down the other. He was so eatititiL'd with the engine that be 
paid for it the second day it was at work. There has been no 
further trial at the Dale. They are going on with spirit at 
Derhyshire ahont their engine. The coach-engine did not 
arrive in London until last Wednesday. The coach is ready to 
fix to the engine. I exjiect we shall he ready to start in ahont 
a forinight. We worked the engine before we sent it from home ; 
it was jierfectly tight, and gnve double iis much steam as «e 
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wanted, without blowing, and the chimney was but 2 feet high. 
It worked fifty strobes pnr minute with 30 lbs. uf steam to the 
inch. The cylinder was 5| inches diameter, 2i-feet stroke ; 
much more power than we shall want. I will write again soon. 
I have a prospect before me of doing exceedingly well. I tell 
you, a3 a friend, that I havo sold to ii gentleman of tliis place, 
one-quarter part of the patent fur 10,tJ00/. ; but this must 
remain a secret. Mr, VVilUamH, Mr. Robert Fox, Mr. Goidd, 
and Captain William Uavey were here, and much liked the 
engine ; they gave me an order for one for Cornwall as a 
spet-imen. I was at Treadrea the day before I left home, but 
did not find you. 

" I remain. Sir, 

" Your humble servant, 

" BiCHARD TnEVITHlCK." 

The engine of the steam-ciirriage of 1803 was made 
in Cornwall ; and it used the steam-blast, for without it 
a chimney of only 2^ feet high would not have caused 
sufficient draught ; and, moreover, the bellows tried in 
the Camborne locomotive was no longer used. 

Having given a i'ew months to the successful experi- 
ments with the London common road engine, and to the 
erection of high-pressure engines, in rivalry with Watt's 
low-pressure stfiam vacuum engines,' he was, in October, 
1803, busily engaged in constructing at Penydarnui, 
in South Wales, a tramway locomotive, to run on raila 
not exceeding an elevation of 1 in 50, and of con- 
siderable length. 

■' Mk. Giddy, " Pentuarhan. iWA Fibni,tnj, 1804. 

"Sir, — Last Saturday we lighted the fire in the tram- 
wa^on, and worked it without the wheels to try the engine. 
On Monday we put it on the tramroad. It worked very well, 
and ran up hill and down with great ease, and was very manage- 

• l*ttpr, Octnbfr Ist, lSO;i, pimp. xx. 



160 
able. 



TRAM AND HAII.WAY LOCOMOTIVES. 



We harl plenty of st^aai and power. I expect to work 
it again to-morrow. Mr. Homfray and the gentleman I nien- 
tioneil in my last, will be Lome to-niorrow. The bet will not be 
determined until tlie middle of nest week, at which time I sliall 
be very happy to see yon. 

" I am, Sir, 

" Tour humble aervant, 

" Richard Tbevithick." 



The first trararoad locomotive in Wales worked in 
tlie month of Febrimry, 1804, running with facility up 
and down inclines of 1 in 50, and having a full supply 
of steam and power, 

" Mr. Giddy, " I'bbydabbas, Fibmary 20th, 18(H. 

" Sir, — Tlie tram-waggon haa been at work BeTeml times. 
It works exceedingly well, and is much more manageable than 
horses. We iiave not tried to draw more than 10 tons at s 
time, but I doubt not we could draw 40 tons at a time very 
well ; 10 tons stand no chance at all with it. We have been 
but two miles on the road and back again, and shall not go 
farther until Mr. Homfray comes home. He ia to dine at home 
to-day, and the engine goes down to meet him. The engineer 
&om the Governiueut is with him. 

"The engine, with water included, is about 5 tons. It runs 
up the tmmroad of 2 inches in a, yard forty strokes per minute 
with the empty waggons. The engine moves forward 9 feet at 
every stroke. The public are much taken up with it. The bet 
of 500 guineas will be decided about the end of this week, 
Your presence would give rae more satisfaction than you can 
conceive, and I doubt not you will be fully repaid for the toil 
of the journey by a sight of the engine. 

" The steam that is diacharged from the engine is turned np 
the chimney about 3 feet above the fire, and when the engine 
works forty strokes per minute, 4J-feet stroke, 8J inches dia- 
meter of cylinder, not the smallest particle of st^am appears out 
of tho t'>p of the chimney, though it is but S feet above wlierf 
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the steam is defivered into it, noitlier at. a distance from it is 
Bteam or water fuiind. I think it is made a fixed iiir by the lieat 
of the chimney. The fire burns much better when the steam 
goes up the chimney than when the engine is idle. I intend to 
make a smaller engine for the road, as this has much more 
power than is wanted here. Thia engine is lo work a hammer. 
"The engineer from London will try a great many experi- 
ments with these engines, as that is his sole business here, and 
that is my reason for so much wishing you here. He intends 
to try the strength of the boiler by a force-pump, and has sent 
down orders to get long steam-gauges and force-pumps reaily 
lor that purpose. 

" We sliall continue our journey ou the road to-day witii the 
engine, until we meet Mr. Ilomfray and the London engineer, 
and intend to take the horses out of the coach, fasten it to tlie 
engine, and draw them home, Tlie other end of the road is 
!IJ miles from here. The coach-axles are the same length as 
the engine-axles, so the coach will run very easily on the tram- 
road. 

" There have been several experiments made by Mr. Homfray 
end this engineer in Jjondon, lately, on these engines. I am 
I very much obliged to you for your offer to assist in making out 
I a publication of the duty and advantages of those engines. As 
Boon as I can get proper specimens ixt work, and you as an eye- 
witness of their performance, I shall value your kind offer and 
assistance far beyond any other to be got, as you have been 
consullcd, and liave assisted me from the beginning. 
"I am, Sir, 

" Your very humble servant, 

■' Richard Trevithick." 



4 



" Mr. GiDUT, ■■ I'KNVDARBAN, FcfrruQry 22nd, 180*. 

" Sir, — Yesterday we proceeded on onr journey with tlie 

' engine; we carried 10 Ions of iron, five waggons, and seventy men 

I riding on them the whole of the journey. It is above nine miles, 

, which we performed in four bom's and five minutes. We had to 

cut down some trees and remove some large rocks out of the 
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njtid. The engine, while working, went nearly five miles per 
hour ; no water was put into the boiler from tlie time we started 
until we arrived at our journey's end. The coal conHnmed was 
2 cwt On our return home, about four miles from the shipping- 
place of tho iron, one of t\u: small bolts that fastened the axle 
to the boiler broke, and all the water ran out of the boiler, 
which prevented the return of the engine uiitil this evening. 
The gentleman that bet 500 guineas against it rode the whole 
of the journey with us, and is satisfied that he htia lost the bet. 
We shall continue to work on the road, and shall take 40 tons 
the next journey. 

"The public until now called me a scheming fellow, bnt now 
their tone is much altered. An engine is ordered for ihe West 
India Docks, to travel iteelf from ship to ship, to unload and 
to take up the goods to the upper floors of tho storehouses by 
the crane, and in case of fire to force water on tho storehoiisps. 
The fire is to be kept constantly burning in the engine, so as to 
be ready at all times. 

" Boulton and Watt have strained every nerve to get a Bill 
in the House to stop these engines, saying the lives of tiie public 
are endangerefi by them, and 1 liave no doubt they would have 
carried their point if Mr. Homfray had not gone to London to 
prevent it ; in consequence of which an engineer from Woolwich 
was ordered down, and one from the Admiralty Ofiice, to inspect 
and make trial of the strength of the materials, and to prove 
that the steam-gauges will admit steam through them in case 
the steam-valve should be fastened down. They are not to come 
until everything is complete for those experiments. Tou shall 
know of our future experiments as fast as we get on with them. 
" Tour humble servant, 

" RiCHABD TrBTITBICK." 



Before a week had passed, from the firet getting-up 
of steam, this pioneer of railway-engines had nin several 
times, drawing a load of 10 tons, and was more con- 
troUable than boi"ses. Only two miles of raid were to 
be run over during the first trials, but within the week 
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the engine ran a distance of 9| miles. The horses were 
removed from Mr. Homfray's common road coach, the 
wheels of which were of the same gauge as the tram- 
way, and it was drawn by the engine, together with 
Mr. Horafray and his compauion, a Government engi- 
neer, brought down for the purpose of examining and 
testing Trevithick'ti engines. This was a practical proof 
of how street tramway engines could lie made to draw 
by eteam ordinary road carriages, 

The engine in working order weighed about 5 tons; 
its cylinder was 8J inches in diameter, with a stroke 
of 4^ feet. It took empty waggons up an incline of 
2 inches in a yard, at forty strokes a minute, progress- 
■ ing 9 feet at each stroke ; in other words, it took ita 
load up an incline of 1 in 18 at the rate of four miles 
an hour. 

Trevithick'a own words solve the blast-pipe riddle : — 
" The stKim that is discharged from the engine is turned 
np the chimney, about three feet above the fire. The fire 
bums much better when the ateam goes up the chimney 
than when the engine is idle." 

It was something like engineering, that within a week 
of first putting fire in a newly-designed engine for a 
novel purpose, it took in the morning its luggage-train 
work up an incline believed by many to be dangerously 
unmanageable even now, after seventy years of experi- 
ence, and was prepared for ita evening passenger-train 
work, to bring home the ironmaster and his friend, 
snugly riding in an ordinary horse-carriage. 

Trevithick was anxious that Mr. Davies Gilbert should 
be near him to observe the drift of events, for he knew 
the London engineer had been experimenting with 
his high-pressure engines then at work in London, in 
competition with Watt; and he also hoped fliat Davies 
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Gilbert would make public a report on the advantagres 
of the new principle of working without a vacuum, and 
state what he had seen at Penydarran. 

Immediately after writing a long letter, giving clear 
and important facts, tluring the din and hurry of pre- 
paring the tramroad-engine for her first long run, a 
start was made from Penydarran for the Raein, J)| miles 
distant. Fivewnggons' were attached to the engine, 
loaded with 10 tons of iron and seventy men. Four 
hours and five minutes were required for the journey, 
though the engine went at the rate of five miles an 
hour, but was obliged to stop frequently that trees 
might l>e cut down and rocks removed that blocked the 
roadway. How different to the well-prepared level 
railway on the Liverpool and Manchester line, on 
whicli the rauch-talked-of locomotives ran a quarter of 
a century later ! 

The gentleman who bet 500 guineas that the engine 
would not draw 10 tons of iron over the distance, rode 
with Trevithick, and admitted the fact. The seventy 
men and tools taken at 7 tons, made a net load of 
n tons; and, including the five waggons, a gross load 
of 25 tons. During the journey, 2 cwt. of coal were 
consumed, and Trevithick believed, from that day's 
experience, that he could take a load of 40 tons. 

On the return journey, when four miles had been 
passed, one of the bolts fastening the axle-boxes to the 
boiler broke, the water and steam escaped through the 
hole, and caused the engine to stop for repairs. 

This roughly-constructed locomotive performed a 
comparatively long journey with a heavy load, over tlie 
worst possible road, with sharp curves and inclin&s, and 
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frequently breaking trara-platea ; yet such, to otlier 
men, insurmountable difficulties are not eo much as 
mentioned in Trevithick's letters. 

The writer worked locomotives on those same tram- 
ways thirty-three years afterwards, in 1837, and it was 
then necessary to send platelayers to jump from the 
waggon-trains to replace broken plates. 

He at the same time renewed a long-idle early loco- 
motive on Trevithick's plan, that had been built at 
Neath Abbey. The double or breeches fire-tube in the 
boiler was removed to make room for thirty small tubes, 
such as were then coming into use for locomotive 
lx)ilers. That all-important part of a locomotive, the 
blast-pi[>e, brightening the fire, and increasing the 
supply of steam with greater or less intensity in pro- 
|}oi-tion to the greater or less amount of work performed, 
and steam pufta accelerating the draught, was retained 
in ita original form and position as used by Trevithick 
in 1804. 

Boulton and Watt still opposed Trevithick's high- 
pressure steam plans on the plea that "the lives of the 
public were endangered," and tried to get an Act of 
Parliament to prevent the construction of any more 
engines on the high-pressure principle. Tlie Govern- 
ment sent engineers from Woolwich and the Admiralty 
to test those engines, both as to the fact of being able 
to work a steam-engine without using the vacuum from 
injection, and also as to the pressure that the boilers 
would safely bear, and the kind of safety-valves or 
safeguards against explosion. 

At that time he was constructing a travelliug eteam- 
crane and fire-engine for the West India Ducks in 
London, to unload ships, convoy the merchandise to 
the storehouses, and then lift it to the required floors ; 
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the engine was arranged with pump and hose, and to 
be in steam night and day. 

It seems like a dream that such things were done 
nearly three-quarters of a century ago ; for though we 
now have steam-cranes, and steam fire-engines, and 
railways into docks, we have not yet so mastered the 
detail as to corahine the three operations in one engine. 



" Mh. Giddy, " PKirrDiMAN, March ilh, 1804. 

" Bit, — We have tried the carriage with 25 tons of iron, 
and found that we were more than a match for that weight. 
We are now preparing to get tJio materials ready for the experi- 
ntents by the Loudon engineers, who are to be here on Sunday 
next. We have fixed up 28 feet of 18-inch pumps for the 
engine to lift water ; these engineers particularly requested that 
they might have a given weight lifted, so as to be able to cal- 
culate the real duty done by a bushel of coal. 

"The waggon-engine is to lift this water, then go by itself 
from the pump and work a hammer, then to wind coal, and 
lastly to go the journey on the road with iron. We shall have 
ail the work ready for them by the end of the week. They 
intend to stay here about seyen or eight days, and as the report 
that they will make on their return will be the standing or the 
condemning those engines, it is my reason fur so anxiously 
requesting your presence. As they intend to make trial of the 
duty performed by the coal consumed, they will state it as 
against the duty performed by Boulton's great engines, which did 
upwards of twenty-five millions, when their 20-inch cylinders, 
after being put in tlie best order possible, did not exceed 
ten milhons. 

'■As you were consulted on all those trials of IJoulton's 
engines your presence would Iiave great weight witli those gents, 
otherwise I shall not have fair play. Let me meet them on fair 
grounds, and I will soon convince them of the superiority of 
the ' prtsBure-of- steam engines' 

'■The steam is delivered into the chimney above the damper; 
when llic damjier is shut the st^am makes its njipcarnucc at 
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the top of the cliininey ; but wlieu open none ciin be seen. It 
niukea the draught luacli strotiger by going up the chiiuut-y ; no 
Haine uppeurs. The coul here baa but very littlo bitumen in il, 
therefore but yery little smoke comes from it. We never trieil 
a t^rch at the top of the chimney. 

"I'erbupa there may never be such an opportunity when 
yonr aasistuuce in those exjjeriments will be of so great a 
benefit to me as at tliis time, therefore I hope you will forgive 
me for again requesting your attendance on a bmiiuess that may 
be of BUch consequence to me. 

" I remain. Sir, 

" Your very humble servant, 

"RicuauD Trevithick." 



The chimney-<]ami>ei- formed a fixed part of this loco- 
motive. There was also a cock for regulatiog the blast 
and for heating' the ieed-water by the waste steam. 
These three things have exercised the genius of engi- 
neers to the present day, and they have not improved 
on Trevithick's ignored plans of 1804. The engine- 
driver of to-day removes a temporary damper-plate from 
the top of the cliimney, while Trevithick had it under 
mechanical control ; the same may be said of regulating 
blast and feed warming. 

Within three weeks from lighting the first fire in 
the boiler, the Welsh tram-engine liad drawn 25 tons of 
iron, net load. An upright column, 28 feet high, of 
] 8-inch pumps, had been erected to test the power 
exerted by the engine and the coal consumed in raising 
a known quantity of water, or rather to discover how 
much water could he lifted a fixed height by the con- 
sumptiou of a bushel of coal. The reader must bear in 
mind that a bushel of coal was a misuuderstood tcnn : 
Trevithick's bushel was 84 lbs,, Watt's bushel seems to 
have been 112 lbs. 



168 TKAM AND BAH.WAY LOCOMOTIVES. 

Trevitliicb, who was not apt to fear, Iiad an lustinc- 
tive dread of those London gentlemen. His was a 
small engine, and small engines never did such good 
duty as larger eagines. "Let me meet them on lair 
grounds, and I will soon convince them of the superiority 
of the pressure-ofsiiam ettgi-nes." 

The unreasonableness of the requirements of the 
Government engineers proves their ignorance of prac- 
tical engineering, and almost shows an influence from 
Soho, judging from the following report by Trevi- 
tbick: — "The waggon-engine is to lift this water in 
the pipes, then go by itself from the pinup and work a 
hammer, then to wind coal, and lastly to go the journey 
on the road with a load of iron." By the end of the 
week everything would be in i-eadiness, and they thought 
of keeping the engine under those various tests for 
seven or eight days. 

The blast-pipe continueil to act well. " The steam is 
delivered into the chimney above the damper ; it makes 
the draught much stronger by going u]) the chimney." 

Mr. Davies Gilbert, who was prepared to stand by the 
man of genius in this contest with men in authority, 
left O.xford for Penydarrau to be present at the experi- 
ments, but meanwhile his friend bad written that an 
accident had made it impossible for Mr. Humfray to 
receive his friends from London, and the official test« 
were therofoi-e deferred. 



" Mb. GIDDV, " rBNYDAIlKAS. .Vanh dt!,, 1604. 

" Sir, — I am sorry to inform you that the esperiments 
tlmt were to be esbibited before the l^iuduu gents arc put off 
oil BccouQt of an accident whifh hagipeuetl to Mr. Hoinfrwy on 
Tuesday last. His horse ran away with the gig, aud threw liim 
out, hurt his face, sprained liis ankle, and dislocated his arm at 
the elbow. The expcrimenls will go on as usual; ever^'thiug 
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I IH nearly rondy. ll" yoii conn; now you will not have Mr. Hom- 
t fray's company or llmt of the Lunduu gcntlemL-n, Perhaps it 
be a month before they come down, and they axe tbe 
, persons I wish you to see. 

" I hope you will come this way before you go to Cornwall, its 
1 can go through the experiments at any time. I find luyself 
uiucb disuppoiutcd on acfiount of the accident, for I was very 
desirous to m<ike the engine go through its different work, that 
its eEfect might be published as early as jjossible. I ahouki be 
Tery happy to see any gentleman you may recommend this way 
for information, as the more public it is made tbe sooner the 
engines will circulate. 

" Wb have not made auy experiments since I last wrote. 1 
I received a lettei' from bome this morning saying they bad seen 
' the fileam-carriogo in the newspapers, but did not believe it to 
y be truth. 

" Wheal Prosper is condemned ; Binner Downs is under water, 
I but was never so good as when it stopped. We are removing 
Wheal Treasury gi-eat engine there. 

" I cannot see any release for me from this place soon ; aud 
I intend to go down almost immediately to Cornwall, and bring 
up my family to spend the next summer here. 
" I am, Sir, 

" Tour very humble servaut, 

" BiCHARD TbEVITHICK." 

" This letter did not reach Oxford till after I had proceeded 
[ to Penydarran. 1 believe it was uever opened till January, 
ll824.— D. G." 



liad Trevitiiick curried out his wish to remove Lis 

i family from Cornwall to Walua, that he might give 

I more attention to the locomotive, thia coimtry might 

have had tht benefit of railways and locomotives twenty 

I years earlier. 

Mr. HomlVay tliought ul' Iwjuuminji a, [liirtner in 
P Trevithick's piilent, and Ijotli of them were at that time 



TLiM MSD KAELVAT UWOMOTIYES. 



fvU of the wkk to esfeod 
the lHgtfc-|iii!iMiup etBi^Mi 
ncgfaei of Uk loeomoCi««. 



t geateral application of 
K, causing the partial 

FlACK, KMA Jii(y. 1801. 



' I dare w- TQ« wiQ OmI: bc naus in not a 
yon-fr^irtle^cacfaMp flB« farK:.TyeTitiuet. In a day o 
tvo lAcr I raeemd it I weak a^ to StaAwddiire (and likewise 
TwnAiA}, aad h««e oaij- wtMj a tl ^raateiday, and find roor 
fanv of 3kd ; Imk kttos I ikMk TUB* ix; ud'diaU at all tioKS 
be hafff to Aaw 50a or jo«r ftimifa criili^ at this place. 

" Oiv ea^iae ■ at work «t tke nA^ aiMl goes ou very welL 
It hm nOed tUa het farta^ht nwwh of 200 tons of iron, 
from tke balls lo the nm^ bai% «UA ia as much aa it vas 
fint ejected, and I bo|ie it «31 ONilHae impniTing. It does 
r old Celine of Xi-ta*-'li dsuneter cylinder 
I oaly SS^mIi, aiiwe stnjka. Trvvithtck went down 
the tnmroad tmice aiBre roa left im, nth 10 tons eauli time, 
and though be took his load down. Mr. Hill does not yt;t allow 
the 5U0 goiuett^ because be did nut retsm again with the 
empty trams in the same time the horses veoally do, and thi:i was 
owii^ to the little fbmng pomp not beiag <|aite right to feed 
the butter, and be was ofal%ed to wait and fill with culd water ; 
bat thi« little defect b eadlj cored, and do doabt but Mr. Hill 
sill be saliaSed ; bat Tr^Tithick would nii.4 stay here for the 
preaent to make another jooruey, so that it stands over till hia 
teton. He is now, 1 bcllcTe, at the Dale, and will not expeut 
to be here this month again. 

"* Lord Dudley's ei^ine for windii^ coal is got to work, as 
well as one at Worcester, (or a gioTor there, which will be 
applk-d to rarioos ptu^ios^^ and i^tow wiiat the engine can do, 
I leg leaTV to (.■ougtslulate yon on the houoor of a seat iu 
Farluiment. Dlrs. HiMnfray and my nieoe Eliza joiu me iu 
tespeelful compliments. 

-I am, dear Sir, 

-* Yoor oUnL'tint $ernmt, 

" SA3tl. floMFUAY. 
" Daviks Citpur, Ksn." 
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This letter of the 10th July drawa attention to 
one written by Davles Gilbert on the 3rd, thanking 
Mr. Homfray for. his hospitality; and during the 
interval the locomotive had gone two journeys over 
the tramway, with its net load of 10 tons of iron. It 
commenced work in the early part of February, and 
continued at work therefore at least five months, and 
was then in good working order, with the exception of 
a small bolt to be repaired. 

After putting to work a high-pressure wbira-engino 
for Lord Dudley, in Staffordshire, a small engine in 
Worcester, nnd a winding engine at Stourbridge, he 
paid a flying visit to Coalbrookdale, and then to 
L Newcastle-upon-Tyne, to work his locomotive, and 
while on the journey wrote to Davies Gilbert. 

"The tram-engine has carried two loada of 10 tons of iron to 

I the sliipping place since you left tliis. Mr. Hill says he will 

not pay the bet, beeanse there were some of tlio tram-plates in 

the tunnel removed, bo as to get the road into the middle of the 

I arch. 

" The first objection he started was that one man should go 
with the engine without any assistance, which 1 performed 
myself without help; and now his objection is that the road is 
not in the same place as when the bet was made. I expect 
Mr. Homi'ray will he forced to take steps tliat will oblige him 
to pay. 

" As soon as I return from here there will be another trial, 
and some person will be called to testify its effects, and then I 
expect there will be a lawsuit immediately. The travelling 
engine is now working a liaramer."' 

Trevlthick was not like other men. lie was alone 
at various places erecting and working differently- 
1 engines suitable to the numerous requirements 



' Sec hlU't, Slii July, 1801, cb-ip, : 
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lie readily engsiji^ed tt> fulfil. Who coiistnicted the 
eugines ? who made the neceswiry drawings ? who kept 
iicwiy-designed machines in daily, work, with steam 
of 100 lbs, to the inch, more or less? are questions the 
answer to which is lost in the lapse of a comparatively 
few years. It is evident that numerous manufacturers 
and engineers, from Watt downwards, were fully ac- 
quainted with tliose events, and that the latter not only 
disapproved of the new engine, but actively opposed its 
use. It may be almost said that every engineer of the 
time knew of them ; yet no one seems to have recorded 
them, except Trevithick, who never diearat of being an 
historian. 

Wliile at Coalbrooicdale, in 1804, lie wrote to his 
frieiLd:' — 

" At Newcastle I found four engines at work, and fonr more 
nearly ready. Six of these were for winding coal, one for lifting 
water, and one grinding com; the latter, an 11-inch cylinder, 
driving two pair of S-feet atones. Below I send you A copy of 
Mr. Hoiufi-ay's and Mr. Wood's letters." 

Some of these engines were probably for the Gates- 
head Iron Works of Messrs. Uawks and Crawshay. The 
latter, I believe, was a brother of the 5Ir. Crawshay in 
tlie Welsh Iron Works. Every move of Trevithick and 
his engines in Wales was therefore known to the coal- 
worka proprietors and engineers of Newcastle. 

Mr. Wood says : — " An engine of tliis kind was sent 
to the North, for Mr. Blackett, of Wylam, but was, for 
some cause or other, never used upon his railroad, 
Imt applied to blow a cupola, at an iron foundry in 
Newcastle." " 



I 
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On tbe lOtb January, 1805/ having left Newcastle, 
I he wrote from Soho Foundry, Manchester : — 

■I shall go to NewcaBtle-on-Tyne in about fcmr weeks. By 
that time the little engine will be sent to Lundon Tor the coal- 
atups. A great number of ray eugines are now making in 
different parts of the kingtlocn. There are three foundries here 
making them. I expect there are some of the travelling 
engines at work at Newcastle. As soon as I get there I will 
write to you. This day I received a letter from Jane — sad 
lamentation on account of my absence. I am obliged to promise 
to return immediately, but shall not be able to fulfil it at this 
moment. I should be wrong to quit this tmsinese, as there are 
now seventeen or eighteen fouudriea going on with those engines, 
and unless I am among them tbe business will fall to the grouu<i, 

I. and after such pains as I liave taken I am very sorry to quit it 

I until I get it estabUshed." 

Having been at Newcastle in September, 1804, to 

l.arrange, amougat many other things, for supplying 

I the Wylam Railway with a locomotive, he cotinteJ on 

[being there again in February or March, 1805, to see 

* some of the travelling engines at work." 

Numerous small bigb-jiressure engines were being 
•'Constructed in seventeen or eighteen different manu- 
Ifactories; and in May, 1805, one of the Newcastle 
llravelling eugines was ready for its work on the 
■railway. 

Mr. Wilson, well known at Newcastle-on-Tyne, has 
I well described it in tbe following Memorandum, to be 
Iseen at the South Kensington Patent Museum ; — 

" Memorandum, Maij Isl, 1805, {Copy from B. W'a Memo- 
•andvmi on Sieam-Engines.) — I saw an engine this day uptm a 
lew plan : it is to draw three waggons of coal upon the Wylam 
waggon-way ; the road is nearly level. The engine is to travel 

LeUiT ufTrevilhick, lUtli Jiii.uiiry, 1S05, tl]U|.. xv,, [i. H^^i. 
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with tlio waggons. Each waggon with the coal weiglis about 
3^ tons, and the engine weighs 4^ tons. The engine is to work 
without a vacuum. The cylinder is 7 inches in diameter, 3-feet 
stroke, and is placed inside the boiler, and the fire is inside alsa 
The speed thoy expect to travel at is four milea per hour. — 

EOBERT WlLSOS." 

Mr. WileoD, an experienced mechanic, called this 
high-pressure engine in 1805 an engine on a new plan, 
working without a vacuum ; not knowing that, similar 
engines had heen at work for six or seven years. 

Having traced the construction of common road, 
trara, and railway engines up to the year 1805, mainly 
from Trevithick's letters, it may be necessary to sub- 
stantiate the facts by disinterested evidence. 



k 



" F. TuEVITmCK, Esq., " Tukdbjab Wubks, Mis I5lh, 1854. 

" Dear Sir, — I received your letter of last moiitli, and 
should have answered it sooner, but as yet have not heen able 
to go over to Merthyr to see the raeu that worked for yout late 
father. I had found out the engine-driver ; but my son has 
found out one of the men who put the locomotive engine 
together, and he believes he shall be able to make a sketoJi 
from their description. It was my father that was at Peiiy- 
durran when the engine was made and tried. It made three 
journeys to the Basin, nine miles belosv Merthyr, and in coining 
up the third journey it broke both axles ; the road being only 
common tram road-plates 3 feet long. The men say it would 
have done Its work well on a good road. 

"The engine had one cylinder 8 inches in diameter and 
2-feet stroke ; a wrought-iron boiler, with a tube thus, U; the 
side rods connected to the wheels; and as side coupling rods 
were not thought of then, it had cog-wheels connecting front 
and hind axles. To pass the centres it had a fly-wheel. 
Weiglit of engine about 7 tons, on four wheels. You shall 
hear from mo as soon as I can obtain all tlio inrormation I 
require. 
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"The engines yon saw at Tredegar were made by me. We 
1 hod the original from Stejihenson, Newcaslle, about 1829 ; but 
f it had the old tube, the same as marked on the other side. I 
y believe I am the first that turned the steam into the chimney, 
I never thinking it would give me nny advantage in getting u]i 
L steam. It was done to prevent frightening the horses, as wo 
I lio'l'd turnpike-road fourteen miles by the side of our railway. 
I Ton may rely on my getting all the inlbrmation I possibly can, as 
[ my informants are, one st^venty and the other seventy-six years 
''old. No time should be lost. 

" Dear Sir, yours traly, 

" Thos. Ellis, Sen," 



" p. TUES 






" Dear Sir, yours truly, 

"Thos, Ellis. 



" Dear Sir, " Tbedeuab 'Wobkb, 22nd J«nf, 1854. 

" We have not succeeded well yet with the locomotive. 
The poor old fellow is very feeble ; but we have a part of that 
done also. From what I can understand the engine was made 
in Cornwall, and put together in Merthyr ; and if we can under- 
Bt;ind the ohi man, your father adopted the pipe inside tlie 

I other to warm the water, and also took the steam up the chimney. 
if so, tliat was done before I saw the liglit. Trusting I shall 
Bend yoa the required information, 
icK 
" Trevithick's high-pressure trom-engine. so designated in the 
original plan, dated 1803, was constructed partly in Cornwall 
and partly at Penydarran Works, by Richard Trevithick, Esq., 
engineer, for Samuel Homfray, Esq., proprietor of the Peny- 
k darran Iron Works, Jlertliyr Tydfil, who, while discussing the 
I principles and feasibility of locomotive steam-engine power with 
iBiehard Crawshay, Esq.,ofthe Cyfartha Iron Works, made a bet 
I of 1000 guineas that he would convoy by steam-power a load of 



Mr. Ellis tlien piiblialiecl a drawing of tlie "Welsh 
flocomotive, witli tlie following particulars : — 
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iron fruin liJs works to tlio Niivigatioii House (aiue miles distMit) 
along the Basiii trftmroftil, which he effected by meaiu of tliis 
engine, and won his wager, although the heavy gradients, sliarp 
curves, and frangible nature of the cast-iron trackway operated 
against the return of this ingenioiiB though rudely-constructed 
machine witli the empty trains — hence its discontinuance. As 
may be perceived, the exhausted steam discharged into the 
wtftck and the wheels combined ; thus to Trevithiek is the credit 
due for the application of those two principles to locomotive 
engines. 

" Rees Jones, who aided in the fitting, and William Richards, 
its driver, are still alive; the former, wheu shown tlie plan, 
instantly ideutided it; and the latter, now in his eighty-fifth 
year, has worked no other than Trevithich's hiffh-jtressure engine. 
To this day portions of the old engine exist in the one he 
now works at Fenydarran, aud during a period e^ttcnding far 
beyond half a century, never liaving had an accident witli hi)i 
boiler. 

"Thos. ELUa, Engineer, 
" Ti/maar Ponty Pridd, QlamwyantJiire." 

Mr. Meiielaiis also supplied a drawing of the Welsh 
locomotive, made l>y Mr, Llewellyn, 

" Dear Sir, " tlLAUWEns, Postttool, 2ith Novcmbrr, 1855. 

" I regret that I should have forgotten to send you 
the drawing of the old locomotive engine which you asked me 
for some time ago. I have had a pretty long search for it, bat 
succeeded in finding it at last. I observe that nothing is 
mentioned upon it of its being the engine constructed by Trevi- 
thiek ; but inasmuch as I am aware that my uncle was engaged 
with him at Merthyr in the trial made there on the old naviga- 
tion tramway, aud have an impression of hearing my uncle say 
that it was a rough draft of the original engine, I think there w 
very little doubt upon the subject. It was drawn by my uncle 
{very roughly you will see) in the year 1803, which was about 
the time Trevithiek was at Merthyr, You will perhaps be kind 
enough to get the parties you send the sketch to, to return it 
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i when done with. 1 should tell you that I sliall send the draw- 
r ing in another enclosure. 

" Dii&r Sir, yoiira very truly, 

"William Llewellyn. 



■' W. Menelads, E*). 
"N.B.— Tlie cylinder ' 
I stroke." 



I 4^ inches diameter, and 3-feet 



'Engineering' for the 27th March, 1868, has the 

I following : — 

"Truvithick was the real inventor of the locomotive. He 
was the first to prove the sufficiency of the adhesion of the 

I wheels to the rails for all purposes of traction on lines of 
ordinary gradient, the first to make the return flue boiler, the 
first to use the steam-jet in the chimney, and the first to couple 

I all the wheels of the engine. 

"One of his pupils, John Koe, was not long ago living, and 

> he supplied a correspondent to our pages with many of the 

' particulars of the old engine, as did also Eees Jones, who, at the 

I age of twenty-one, worked on it. The engine made one or more 
trips from Peiiydarran to Navigation, but broke a large number 
of the oast-iron tramway-platts with which the line was laid. 

I After this it worked for two or three years between the blast- 
furnaces and forges at Ilomfray's works at Penydarran." 

The ' Mining Journal,' Oct. 2ud, 1858 :— 

"Kees Jones, engine-fitter, Penydarran, says : — Dowlais, Sept, 9, 
1858. — I am now eighty-two years old, I came to Penydarran 
on April 1st, 1794, I was then eighteen years of age. I have 
been in the employ of the Penydarran Iron Company ever 
since. I am still able to do a little, I am in the works every 
day. About the year 1800 Mr. Trevithick came to Penydarran 
to erect a forge-engine for the company. I was at this time 
overlooking the engines at Peuydarran. I assisted Mr. Trevi- 
thick in tlic erection of the forge-engine. When this engine 
woB finished Mr. Trevithick commenced the construction of ii 
locomotive. Most, if not nil, the wnrk of this locomotive wai^ 
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made at Penydarran, Uichsrd Brown made the boiler and 
the smith-work. I did the inost of the fitting, and put the 
engine together. When the engine was finished she was used 
for bringing down metal from the furnaces to the old forge. 
She worked very well ; but frequently from her weight broke 
the tram-plates, and also the hooks between the trams. After 
working for some time in tiiis way, she took a journey of iron 
from Penydarran down the Basin Road, upon which road she 
was intended to work. On the journey she broke a great many 
of the tram-plates ; and before reaching the Basin she ran 
off the road, and was brought back to Penydarran by borses. 
The engine was never used as a locomotive after this ; she was 
used as a stationary engine, and worked in tliis way several 
years. 

" I understood the reason for disoonUnuing using her as a 
locomotive was the weakness of the road. The boiler was made 
of wrouglit iron, having a breeches tube also of wrought iron, 
in which was the fire. The pressure of steam used was about 
40 lbs. to the inch. The cylinder was horizontal ; it waf* fixed 
in the end of the boiler. Tlie diameter of the cylinder was about 
4J inches. The three-way cock was used as a valve. The engine 
had four wheels. These wheels were smooth ; they were coupled 
by cog-wheels. There waa no rack-work on the rood ; the 
engine progressed simply by the adhesion ^f the wheels. The 
steam from the cylinder was discharged iijto the stack. This 
statement was made in the presence of the nudei'signed. 

'• \V. Mbnelaub. 
" G. Mahtik. 
" W. Jenkins." 
Mr, Menelaus says : — 

" I would call particular attention to the fact that Trevithick 
in 1803 had satisfied himself that smooth wheels would have 
sufficient adhesion to propel a load ; that he had hit upon the plan 
of coupling the wheels ; and that he discharged the waste sleam 
into the stack. Boilers of the same type as that used by Trevi- 
thick in this engine were used snccessftdly for locomotives 
twenty years after his invention." 
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A boiler-plate in tho Kensington Patent Museum 
has the following written on it: — 

"Piece of S. Homfray's engine tliat took tlie load of iron to 
Navigation House for the lOOOl. bet — Trevithiek, builder, and 
iritli two cylinders. The history of our getting it : — After taking 
tlie iron down it was made into a small planislunf^-hammer engine 
at Penydairan ; brought into the Forest by Mr. Protheroe thirty 
years ago to sink pits at Castle-rag Colliery ; from these to 
Protlieroe's lower pits, and sank them ; then to Link's Delight 
for our old company, and we pnlled it down and cut a piece 
out for you. This is aa I copied it from old Broad, our 
manager. 

" Henry Crawsiiat, March Htk, 1850." 



Bees' * Cyclopasdia' of 1819 says: — 

" The applicatiou of steam-engines to driving of carriages. — 
These are now called locomotive engines, and we may date their 
introduction with the patent of Slessrs. Trevithiek and Vivian 
in 1802. 

" Mr. Trevithiek made a locomotive engine in South Wales 
in 1804, which was tried upon the railroads at Merthyr Tydfil, 
The engine was the same as that of which we have given an 
account of its work in speaking of the high-pressure engine, 
having an 8-inch cylinder and a 4 feet 6 inch stroke. It drew 
after it upon the railroad as many carriages as carrieti 10 tons of 
bar-iron, for a distance of nine miles ; and it performed all that 
distance without any further supply of water than that contained 
in the boiler at setting out, travelling at the rate of five miles 
per hour. 

" The boiler of cast iron, of a cylindrical form, G feet long, 
and 4 feet 3 inches in diameter, the fire-place being withinside. 
The cylindrical boiler was mounted horizontally upon four 
wheels, and the cylinder of the engine was placed vertically in 
tho end of the boiler, having two connecting rods descending 
from the cross-bar of its piston-rods to two cranks upon an axis 
extending beneath the l>oiler and cylinder, and communicating 
its motion, by means of wheel-work, to the two fore wheels upon 
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. which the engine nma, aud by this means the alternate ascend- 
ing and deBceuding motions of the piston-rods act to tura ronnd 
the crank and wheels, and draw the carriages forward. lu this 
way no fly-wlieel was necessary, because the nioraentiim of the 
carriage to advance itself forward on the road continued 
the motion of the wheels and cranks sufficiently to make the 
cranks pass the lines of the centre." 

Mr. Oawshay, who had good means of learning the 
facts, says the boiler was of wrought iron, and there 
were two cylinders. 

Reee' ' Cyclopaidia' makes the boiler of cast iron and 
the cylinder vertical. The old Welshmen speak of a 
wrought-iron boiler, though their drawing rather indi- 
cates a cast-iron outer casing, with wrought-iron tube, 
and the steam-cylinder to have been horizontal. 

They all agree on the blast-pipe, which the writer 
has not shown in the drawing, neither the feed-pump, 
or water - heating apparatus, because they are not 
given in the original Welsh 
drawing. The position of 
the feed-pump, feed-heating 
pipe, and blast-pipe, may 
be readily discovered by a 
reference to the patent draw- 
ing of 1802. 

The following particulars 
are taken from Trevithick's 
letters where other evi- 
dences are conflicting. It 
is probable that more than 
one tramroad - engine was 
constructed in Wales at that 
time. 

Eight years after these 





M croK-hud ; d. galdet tor crsH-bud^ c. tlaji Tor tb> goldH ; /, thv coo- 

wbea-.J, thi gtu-KlKcli. EnoKctlnc ttacdriliig uls wlUi ibe driilng whwli; t. Ibn rmt drlTIni) 
obwli, IfLl Id. In diusHpr. 4 It I tn. Fnnn train lo oomt I, Ibe (onr-irif cixiIe g h, lhi> cedi 
l«vd; m^tbt rod Aod fqipeli fur workiDE Uk faar-vij oock ; a. Lvnr from crcMB-bp*d forirtrlklDB 
lltftlfcpprti; p. niplulnc cook knd handle; q.t^ytai *cre«'iifbr Uc^t«Dlnfitii« Uirrc-whf cook aikj 
Uv rrgiildtDr codi^ r. Ibe rrllndrkAl boUer of wroughl or cut Iron, I fir 3 In, Id dluDvur. < rt. Longi 
s, Ibt iBttmAj fln-pUce uid WTDii{;bt-lTqD re turn LtilH ; e. (b« cbLmoey ; u. Ibe Bi^-dror ; v. Di« Irun- 
Tuad-pUtH; V. tbfl irjunrHd-flUviwTi. WrlglLt !□ working order, b toriL 

events Trevithick wrote the following recollections of 
them : — 

" About six years since I turned ray tlioughts to this subject, 
jiiid made a Iravelliii}! steam-engim- at ray own expenae, to try 
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tlic experiment. I oliainod four waggons to the engine, each 
loaded with 2^ tons of iron, besides seventy men riding in the 
wiiggoDB, making altogether about 25 tons, and drew it on the 
ruad from Merthyr to the Quaker's Yard, in South \\'ales, a 
distance of 9| miles, at tlie rate of four miles per hour, ivilhout 
the assistance of either man or beast ; and then without the load 
drove the engine on the road sixteen miles per hour. I thought 
this experimeut showed to the publin quite enough to recom- 
mend it to general use ; but though a thing that promised to be 
of so much consequence, has so far remained buried, which dis- 
courages me from again trying its practice at my own expense,"' 

We ba\*e no account of the railway work done by 
the Coalbrookdale travelling engine of 1802. The 
Welsh tramroad - engine of 1803 took a gross load of 
25 tons, at the rate of four miles an hour, over a bad 
road, with sharp curves and stiff inclines, and without 
load ran at a speed of sixteen miles an hour. 

The Newcastle locomotive of 1804 was, in general 
outUne, similar to the Welsh locomotive, but in detail 
superior. The wheels were to run on rails instead of 
tram-plates, and were inches farther apart than the 
Welsh locomotive, giving increased feteadiness. The 
boiler and return tube were wholly of wrought iron; 
the fire-door and chimney were at one end of the boiler, 
aud the cylindfer and guide-rods at the other eud, 
giving more room to the engineman than on the 
Welsh locomotive, which had all those things at oue 
end of the boiler. 

The cylinder of the Newcastle locomotive was of the 
same size as the Coalbrookdale engine of 1802, being 
7 inches in diameter, with a 3-feet stroke, and tlierefore 
was probably made at Coalbrookdale, from Trevitbick's 
drawings and patterns of 1802, with its regulating blast- 
pipe and steam of from GO to 145 lbs. on the square incli. 

' Pee TirvithicVfl Itttor, 26tli Artil. 1812, chsp. sviii. 
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The first Newcastle locomotive is tliiis mentioned ; — 
" The death of Mr. John Whinfifld, who was concerned in 
the maiiiifactiire of some of the earlier locomotives, lias revived 
the question as to who was the first to apply the power of steam 
to locomotive purposes; aud it ha^, we think, been well esta- 
blished thut the honour is due to Mr. Richard Trevithick of 
Camborne, who, more than fifty years since, rau a locomotive 
through the High Street of his native town, and employed a 
locomotive to draw a load of bar-iron from the Penydarran 
Iron Works to the Bnsin. An attempt having been made by 
the Nortlwountrymen to prove that John Steel, an employe of 
Mr. Whinfield, was the first inventor of a locomotive, a corre- 
spondent of the ' Gateshead Observer ' (in continuation of 
correspondence on the subject) states that — 

"'Trevithick's steam-engine was a patent; and Mr. John 
Whinfield, who had a small foundry in Pipewellgate, and 
whom I well Iniew, waa a sort of agent of his. The plans to 
winch you refer, and probably also some portions of the engine, 
may have come from Trevithick ; Steel, an old acquaintance 
of mine, being the local engineer. Steel came, I believe, from 
Bomowhere about Colliery Dikes. He was at one time in 
Wales, where (at Merthyr Tydfil) Trevithick tried his loco- 
motive engine on a tramruad. Whether it waa before or after 
*' our first engine " was made that Steel went to Wales I 
cannot say. These were the primitive ilays of steam. The 
appliances aud facilities of the present day were then un- 
known. Everything was comparatively rude ; the boiler waa 
of cast iron. Well do I remember " Tommy Waters," who 
had a email foundry on the Pipewellgate slope, behind the 
"Blue Bell," in Bridge Street, and who was employed, onder 
Trevithick's patent, to make n locomotive engine for Mr. 
Blnckett, between forty and fifty years ago. Tommy's steam- 
engines wouldn't always go; and when they were obstinate, 
would take hold of the lever of the safety-valve, and de- 
clare, in liis desperation, " that either she or }w should go ! " 
Poor Steel! both he and the engine went in France — as you 
stated in your columns of last week.' " ' 

' From the ' MiniuH .TuurnHl,' SatunUy, Octobtr 2ml, 1858. 



Ie4 TRAM ANP RAILWAY LOCOMOTTVES. 

Trevitbick's letters sliow how readily he taught un- 
trained men in numerous small meehauical workshops 
to construct his engines ; for certainly Tommy Waters* 
locomotire with a cast-iron boiler was a copy, though a 
bad one, of that made by Trevithick in Wales. 

■■ LorOMOnVE ASD CiRRlAGB Defabthest, 

" Exgineeb's Office, Swisdos, 
"My dear Sir, " im April, isio. 

" I am in receipt of your letter as to the engine seat to 
Wilam in 1804, and have, as your eon has informed you, a 
drawing of it, &om which I will have a tracing made and sent 
to you. I got this drawing- made from a tracing which was lent 
to me by one of my brothers, who resides in Sunderland, and 
I understood from him that the engine itself was in existence 
up to a few years ago, and that it was driving a fan at a foundry 
either in Newcastle or Gateshead ; but in order that I may be 
able to give you more accurate information, I will endeavour 
to get the particulars of the engine, dates. &c., and will then 
write yon again. 

" I am. iiiy dear Sir, 

■' Yours truly, 

".TosEPR Armstrong, 
" F. Trryithick, Esq." 



" Dear Sib, " RtrsnERLAsn, J/oy loth, isio. 

" By this post I have forwarded a traciug of the old 
locomotive for Mr. Tfevithick, and likewise some copies of an 
extract from the 'Gateshead Observer.' They would have 
been sent ere now, but I have had some difficulty in procuring 
an original from which to get a tracing, and have also spent 
time in hunting up this extract, and having it reprhited. 



" Yours tnilv, 



" Joseph Arkstkonq, Esq., SinWon." 



"John Armstrong. 

■' Frr John Hehiko. 
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In Plate V., a is a steam-cylinder 7 inches diameter, 
3-feet stroke, fixed in the boiler ; b, piston-rod ; c, cross- 
head ; d, guides ; e, stay ; /, connecting rod ; y, crank ; 
A, driving axle; i, fly-wliee] ; _;', gear-wheels; k, four 
driving wheels, 3 feet 1 inch diameter, 4 feet 84 inches 
from centre to centre ; /, four-way cock ; m, lever for 
I working cock ; n, plug-rod ; o, cylindrical wrought-iron 
I boiler, 4 feet diameter, 6 feet G inches long; p, fire- 
L grate; j, return fire -tube of wrought iron, 2 feet 
t3 inches diameter at the fire-door end, 1 foot diameter 
rat the chimney end; r, chimney; s, fire-door; t, rail- 
rway of longitudinal timbers, 3i inches wide, 44 inches 
(Seep; u, cross-sleepers, 44 inchcH wide, 34 inches deep ; 
b foot 1 4 inch apart ; gauge between wood rails, 
i feet 10 inches ; weiglit of engine in working order, 
i tons. 

OuB First Locomotive. 
From the ' Gateshead Observer.' 
Tlie engine erected liy Mr. Trevitbii'k had oue cylinder 
ily, with a fly-wheel to secure a rotatory motion in the crank 
It the end of eat-li stroke. An engine of this kind was sent 
the North, for Mr. Blnckett of Wylam, but was, for some ' 
ise or other, never used ujion his railroad, but was applied 
|d blow a cupola at an iron foundry in Newcastle. — Nicholas 
'ood ' On Railroads' (third edition, [»age 281). 
Mr. Blackett was the first colhery owner in the North who 
took an interest in the locomotive engine. He went bo far as 
to order one direct from Trevithick, to work his wwggon-way, 
about the year 1811. The engine cjime down to Newcastle; 
bot for Bome reason or other (perhaps because of the imperfect 
temstmction of the waggon-way as compared with the weight of 
the engine) it was never put upon the road. Mr, Blackett 
CTentaally sold it to a Mr. Whinfield, of Gateshead, by whom it 
was employed for many years in blowing the ciiiKjla of his iron 
fonndry, — Smiles' ' Life of Stejikemon ' (first erlition, jMige 74). 
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" The story told by Mr. Wood and Mr. Smiles, with some 
little Tariatioii in their versions, has been current on the Tyne 
for a number of years; and it was not till lately that we were 
led to doubt its accuracy. 

" Mr. Robert Wylie, an iron-founder in the Cloee, Newcastle, 
having seen a reference, in the 'Gateshead Observer/ to a 
locomotive engine having been sent to Mr. Blaekett by Mr. 
Trevithick, and afterwards sold to Mr, Whiufield, called upoo 
us with a correction of the statement. He served his appren- 
ticesliip with Mr. Whinfield in Pipewellgate, where ' Rice's 
Glass Works ' now stand, and remembers the engine. It was 
made prior to his timsj but he can positively say, from what 
he learned on the spot, that it did not come from Trevithick, 
or from any other person ; it was manufactured ou the pre- 
mises, about the year 1 804, by Mr. Whinfield — the engineer of 
the works being John Steel, a man with a wooden leg (sub- 
sequently blown up, by the explosion of an engiue in France, 
and killed). So far Mr. Wylle. 

"John Turnbull, of Eighton Banks, aged 80, whom we 
afterwards made out, informed ua that he, too, served his 
apprenticeship with Mr. Whinfield, He was older tlian usual 
when he was bound — 'turned of 16' — and it was some time 
in the present century before he closed hia apprenticeship — 
he could not say when, his memory being now defective ; hut 
he perfectly i-emembered the making of the locomotive engiue 
for Mr. Blackett. It was all made at his master's. The 
engineer was John Steel, who was regularly employed at 
the works, ' and a very clever fellow.' When she was finished, 
a temporary way was laid down in the works, 'to let the 
quality see her run.' There were several gentlemen present, 
and she roii backwards and forwards quite well. Mr. Blackett, 
however, did not take her; — 'there was some disagreemency 
between him and the master, and she never lefl the works, 
but was used in the foundry as a fixed engine, to blow the iron 
down.' He (Tnmbull) left Mr. Whinfield when his time was 
ont, and the engine was made long before he left. 

"TumbuH's statement, if correct as to his age, &c., would 
carry back the date of the manufacture of the engine beyond 
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t 1801— which. 



1 have 



1 to believe. 



I uboiit the 



and ■> 



( therefore asked him if he coiitd refer us to 



any 



year ; 

other 



living witness. Ho at once uained John Henderson, i 
apprentice, still working as a founder at Messrs. Hawks and 
Crawshay's, the Gatesheatl Iron Works. Hendereon we found 
at his work — a hale, intelligent man of 70 — with all his facul- 
ties in full vigour. He was unusually young (he said) when he 
Went to trade. He could not give the date, but he would he 
abont twelve years old. He reraeraberefl tlie engine. It whs 
made at the works long before he was out of his time, when 
iie and Tnmbull were apprentices together; and John Steel 
the engineer. 

Thus, then, we have the evidence of more than one living 
ivilness, that the engine made for Mr. Blarkctt, and afterwards 
I as a fixed engine, was not ' sent to the North,' but was of 
Oateshsad manufacture. 

" We have also other evidence. The plans are still extant. 
Tliey are the property of Mr, Smith, of the Gateshead Park 
Iron Works (Messrs. Abbot and Co.'s), and have been placed in 
am hands by Mr, Wylie. They comprise : — 1. Well-executed 
'|)er8pective views of the engine from various pcjints. 2. 'Draw- 
ing of waggon-engine, October 3, 1R04.' 3. 'Begulating and 
throttle cocks for engine, No. 1, P»!ptember 17, 1804." She 
iod fridion (not cogged) wheels, and was driven by spur-gear, 
working with a three-way cock, instewd of a slide. 

Our case, we think, is now complete. It was in Gateshead, 
without doubt, that the first locomotive engine was planned 
jmd made ; — the date being 1804 — (the year in which Tre- 
vithick was trying his engine in Merthyr Tydfil) — the 
engineer, John Steel, and the manufacturer, John Whinfield. 

"Can any correspondent supply us with facts in corroboration 
or correction of our statements? If bo, we shall be much 
obliged by the kindness." 

Gateslieatl may claim to have had a Land in putting 
together a Newcastle locomotive, and also in hiding 
lite uscfulnesK of Trevithick's high-pressure locomotive 
engine, then a reality of four or five years' standing; 
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but hia foreman, John Steel, who had worked on the 
Welsh locomotive, superintended its erection. The late 
Mrs. Trevithick said "about the time her husband was 
occupied with the engines in Wales, he went several 
times to Newcastle,' John Steel, whom she tbtmd as 
foreman in the workshops in London in 1808, was a 
Newcastle man, with a wooden leg." 

Trevithick 's beautifuHv-designed Newcastle locomo- 
tive was perfectly manageable in Whinfield's small, 
cramped yard, on a temporary railway. The North- 
countniraen came in crowds to examine and see it work 
in the presence " of the quality of Newcastle," probably 
including Mr. Blackett of the Wylam Colliery, for 
whom the locomotive was made, and his agent, Mr. 
Hedley, who five or sis years afterwards pa1j:?nted a very 
similar one. Mr. Wood and George Stephenson, with 
Mr. Wilson, the engineer, and Timothy Hackworth, then 
a blacksmith, working for Mr. Blackett, afterwards the 
engineer on the Stockton and Darlington Railway, and 
maker of the ' Sanspareil ' locomotive that, a quarter of 
a century later, competed on the Liverpool and Man- 
chester Railway. 

Robert Hawthorne, then residing neai- Newcastle, 
who had employed George Stephenson as engine-boy at 
Callerton, was also probably one of the lookers-on ; and 
a few years afterwards the two great engineering and 
locomotive-building establishments in Newcastle, known 
as Hawthorne's and Stephenson's, began to grow into 
importance. 

The Newcastle diawing shows that Trevithick had 
made the detail of his locomotive engine fnlly known 
to the engineers of Newcastle in 1804, for it illus- 



' Sc.. Trevithifk's IctWr, 23r.1 Reptpinher, 1804, chap, x 
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I trates that sent to Blackett's Wylam waggon-way ; and 
I its fonn and date agree with Mr. Wilson's Memorandum 
lof having seen the locomotive at Newcastle, in May, 
1 1805, when Trevithick paid his second or third visit 
I to superintend its use on the railway. Nicholas Wood 
I Bays, " an engine of this kind was sent to the North for 
lUr. Blackett." Had it been constructed in Newcastle, 
[he would probably have mentioned it. 

John Henderson, working for Mesars. Hawks and 
I CraWshay, at the Gateshead Iron Works, recollected an 
l^ngine. Crawshay, the Welsh ironmaster, and user of 
I Trevithick's engines, and Homfray, his friend, also a 
llarge ironmaster, certainly informed Crawshay of New- 
Icastle, and Blackett, of all that was doing at Merthyr 
I Tydfil. Steel, a Newcastle mechanic, was chosen to 
I learn under Trevithick in Wales, that he might become 

I agent in superintending the use of the high-pres- 
Irore engine and locomotive in the iron and coal works 
I of the Nortb of England. 

The Newcastle locomotive was a smaller but a better 
I engine than the one that had worked so well in Wales ; 
I its boiler was wholly of wrought iron. The four driving 
* wheels were constructed to run on rails in place of tram- 
plates. The cylinder was reduced to a diameter of 7 
inches, and its stroke to 3 feet. The gross weight was 
reduced to 4^ tons, 

The men of the North must know why that loco- 
I motive, seen by so many, was not allowed to work on 
I the railway aud scarcely to be spoken of in public, 
I though it remained in work as a stationary engine 
I almost up to the present time. The not showing the 
I blast-pipe in former drawings nor in this drawing, and 
I the strange perversion of facts bearing on its introduc- 
Itiou, are among the mysteries of locomotive history. 
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Id 1854 the writer revisited the Welsh works to 
inquire more particularly about the blast-pipe. Mr. 
Ellis's relative, while standing iu one of Mr. Homfiray's 
Tredegar workshops, remarked that pieces of Trevi- 
thick's early engines had remained for inany years in 
the old scrap-heap, in the comer of tlie shop ; on turD- 
ing over the surface pieces, and directing Mr. Ellis's 
attention to one in particular, he replied, " That ia 
Trevithick'a first blast-pipe, or a copy of it." In shape 
and size it was just like the blast-pipe then in use, 
except that Trevithick'a had a casing pipe for heating 
the feed-water. 

Smiles thus d&scribes the invention : — 

" The locomotive might liave been condemned as useless bad 
not Mr. Stepbenson at this juncture applied the st^am-blast. and 
thus at once doubled the power of the engine. 

" Although Trevitliick, in the engine constructed by hira in 
1804, allowed the waste Bteam to escape mto the chiumey, there 
was no object in tlio arrangement beyond getting rid of a nuisance. 

" It is remarkable tliat a man so ingenious as Trevitliick 
should not have discerned its advautagcs ; but it is clear that 
be could not havs done so, for as late as 1S15, after George 
Stephenson had discovered and successfully adopted the steam- 
blast, Trevitbick took out a patent, the principal object i^f 
which was to ' produce a current of an-, in the manner of a 
winnowing machine, to blow the fire.'" ' 

Trevitbick's patent in 1815 was for an engine so 
constructed that the waste steara could not possibly l-e 
used as blast, and therefore he was obliged in that 
particular engine to omit the blast-pipe, but this dui 
not annul his former acts.^ 

Goldsworthy Grurney' saw Trevitbick's locomotive 

' ' Life gf OeoTge Stephenson,' by | ' Mr. Goldsworthy Gumey'« ic- 
Siiiilrs. I count of the iDvenlion of the atauD 

' See patent, chnp. xvi. ' jrt or bln.it, published 1859. 
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in Cornwall and in Wales, admits the use of the hlast- 
pipe by Trevithick, and yet clairas for Inmself the credit 
of the invention. 

The last sentences in liia pamphlet state, " Mr. Smiles 
has been sadly misinformed as to the invention of the 
steam-jet, and also with regard to the locomotive 
engine. All. the facts on record, and the testimony of 
living witnesses, show that Mr. Richard Trevithick 
was the inventor of the locomotive engine; and that 
Mr. Goldsworthy Crurney was the inventor of the 
steam-jet." 

But those sentences were preceded by the follow- 
ing :— 

"Mr. Gumey saw Trevithick'a first steam-carriage in ISO!, 
aad all his experiments on locomotion ; and remembers, too, 
the corateraptnoiis way in which he was treated by the eugiueera 
of the day. His views were described as ' wild theories,' and 
his plans ridiculed. Mr. Daviea Gilbert, however, thought differ- 
ently. He aided Trevithick in hia calculations, and encouraged 
him to go on, and Kiclmrd Trevithick became the iuveutor of 
the locomotive as well aa of the high-pressure engine. 

"The eduction-pipe at this time entered the chimney half- 
way up the fuunel, and Trevithick, in order that the vapour 
might more effectually meet and mix with the hot air coming 
from the furnace, turned it downwai-ds. This did not succeed, 
as may he sujiposed. The pipe was then turned upwards, as the 
most ready way for its eseuiie. Thus the waste steam from the 
engine was thrown upwards into the chimney by Trevithick in 
1804, long before any other pereon was engaged in the subject, 
exactly in the same way as was afterwards done by all who 
followed him. 

" ]\Iauy modifications, but very few improvements, if any, 
were made on Trevithick'a engine for many years during his 
absence in Peru." 

Prom the close of 1801 to May of ISC'} Trevithick 
constructed two Camljorne and one London common 
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B smtable for a 
nihni^, « WcU trMrad ^a g ina , and a K'ema&tle-on- 
TjBe laOwaj^o^iBe^ aO hanng a blast-|Hpe. 

Lui i n i rfi i I ' li i Btnr y bow —tot a jamp of three years, 
wlMa, in 1806^ TrEriAirk c uurtiu e t ed, not only a loco- 
BKitiw CBgmv l*it abo a imiim^jj that the Loodon 
plAKe v^ilit Me «i& Aeir own eyes what the aew 
ha^fpnmatK iteam«Dgine eoold cAect, and how greatly 
aapmar a nOwaj was to a oommon road for locomotioD. 



-Mt-GlDDT, "Ai, 28, 1806. 

" Sir,— I have tous of tbe 24tb, aod ratcDi) to pot the 
inact^ition on the eogbie iriiidi tod sent to me. 

" About four or fire dajrs ago I tri€d the eogine, wlijoh worked 
exceeding weD ; but tbe gromid was rery soft, and tbe engine 
(ohoat 8 tODs) sank tbe tiiober onder the rails, and broke & 
great nomber of them. I hare now taken up the whole of the 
timber and iron, and have laid hallc of from 12 to 14 inches 
itqnare down on tbe grooitd, and hare nearly all the road laid 
again, wliich now appears veiy firm. We prove every part as 
we lay it down, by rtinning tbe engine over it by tumd. I hope 
it will all be complete by the end of this week. The tunnel 
ifl at a stand. 

" Your very humble .servant, 

" RtCHARD ThEVITHICK," 



Tlie Bieter of Davie-s Gilbert named tliU engine 
' Catch-rae-who-can,' and her Memorandum " Mv ride 
with Trevithick, in the year 1808, in an open carriage, 
propelled by tbe steam-engine, of which the enclosed 
ie a print, took place on a waste piece, now Torrington 
Square," ' enclosed an engraving of the engine on 
Trevithick's visiting cards. 



' Men., "f Mnt. GiiilmftM, IfiOS. 
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The wonderful simplicity of this engine exceeds that 
of the Newcastle locomotive; Trevithick in those early 
days knew that the 
friction of one pair c ■>.__, 
,of driving wheels was ^\i^ 

snfficient for his work, 
enahhng liim to do 
_away with the gear 
coupling wheels of his 
earlier locomotives, 
and also that the pnffs 
of the steam-hliist Iiad 
so increased the qnan- 
tity of steam given 
by the boiler, that a 
damper in the chimney mb. kichibb THEviiHicea ■OAicHUK-wao^is,- isos. 
T^as necessary. 

The following interedt^ing account was given by an 
engineer well known in his day, 

Mr. Trevithick's New Road Experiments in 1808. 
»SiP, 

"Obserriog that it is atafeil in your last immber (No. 
1232, dated the 20th iustaiit, page 2G9), under tbe head of 
'Twenty-ono Yeare' Retrowpect of the Eailwiiy System,' that the 
gi-eatest speed of Trevitbick'a (*iigiue was five miles an hour, 
think it due to tbe memory of that extraordinary man to 
declare that about tbe year 18U8 he laid down a circular 
Tailway in a field adjoining tlie New Itoad, near or at tiie spot 
BOW forming the southeru half of Euston Square; tliat be 
placed a loeomotive engine, weiybiug about 10 tone, on Ihat 
ntjlway — on which I rude, with my watch in linnd — at the 
IBte of twelve miles an liour ; that Mr. Trevithick then gave 
Ilia opinion tliat it would go twenty miles an hour, or more, on a 
straight railway ; that the engine was exhibited at one shilling 
.admittance, including a ride for the few who were not too timid ; 



J 





" Mr. Trevithick having expeuded all his tneatis in erecting 
the works and enclosure, and the shillings not having oonie in 
Cast enough to piiy current expenses, the engine was not again 
set on the mil. 

'■ I am, Sir, yonr obediti-nt servant, 
"John Isaac Hawkine^ 

"Civil Enjrinner, Londoa."'^ 

' 'Mpfh»nics'Mftgnzinp,':i7Ili Mfircli, IfMT. 
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On this experiment Mr. Albinns Martin gives the 
bllowing ; — 

I am sorry to be iiuiible to give you any useful information 
about tilts engine exhibited in London more tlian half a century 
Bgo. I caiiDot even fix the time ; but from comparison with 
«ther dates, it eould not have been in 1803. William Baatrick 
was resident engineer on the works of the driftway under the 
Thames, and he was very kind to me as a boy. I think it must 
have been to hJra that I was indebted I'or a sight of the engine 

;hibited, for I know I got in without payment, and felt myself 
thereby recognized as belonging to the craft. The place was 
at the rear of what were then florists' or Hursery gardens, in the 
New Boud, very near if not on the site of the North- Western 
Hallway Station. 

Tliere was a circular railway of about — I ran't tell the 
,0auge or the diameter — but jwrhaps a hundred feet. The 
sngine itself was to me an entire novelty, but not diiTering in 
^general appearance from that on the Mertliyr traroroad, and of 
vhich an engraving hns ht-en published. 

"The spiice in which this circular railroad was enclosed was 

.rrounded by a fence, made of close-fitting 12 or 15 feet deals. 

^hen I saw it the engine was out of steam, and there were no 
'tators. Trevithick was not there, nor oaii I recollect who 



"From ray recollection of events it was about 1806."' 

This London railway of 1808 was near Enston Square, 
and the site of the present London and Nortli-Western 
Railway Station, and on it the jiublic were carried at 
.twelve or fifteen miles an hour around curves of 50 or 
100 feet radius. 

iVt the end of Septeml>er, 1808, Mr. Homfray wrote 
to a friend in London, " I wish you likewise to say if 
there is anything in the report of ike Racing Engine 
being carried into effect, and if so at what time, and the 

' Eiiriict from letter of Mr. Albinus Martin, in 1868. 
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I of Oe kl^ Jfe, V if H is to take place, I 

hafl W TTKj BHck wcfa e d bo see n." 

'benAaelfs miIb of 28tk Jofy aid that four or five 

V days befans ke had nn v«7 well. This railway experi- 

■t havD heen in operatioD more or 

Iem far t«D or tkne ™n»rtlw, and daring lliat time his 

> at the Thoaes Driftway broaght iiumerons 

fli^tneera aimnd him,' and amongst them, Messrs. 

. Stofaart and Baddk^ from the Korth, interested in coal 



"hkthojtarlSO&Hie late Mr. WOliwn H«Ue; was appotut^i] 
~ r at Wylam Colliery. At that time a railway, 
I tfe niles in lei^tli, rammoiueited «itli a depot on the river 
' True. Tbe railway was a wooden one, sobject to givat aodala- 
tiniu. It wad w<^«>i by iW old metbod, one borse being em- 
ployed for eadi waggon- Bat about the year 1808 the wooden 
raik were taken op and A^-iron plate-raiU aibstitoted. 

"Ur. Blackett, in tbe year 1809, wrote to the celebrated 
Trevithick oa the sobject of au engiue ; his reply stated that 
he waa engaged in other [mrsnits, and luTing decliued the 
bosinesB, he could reader no a^istaoce."* 

It was at this period that the Thames Driftway failed, 
and patent law proceedings and bankruptcy, and ill- 
health drove Trevithick from London, and for a time 
from active life ; but not until after he had achieved 
the great work of conveying the I^ondon public on a 
railway constructed of longitudinal timbers supporting 
a rail of iron. A passenger-carriage ran for hire, drawn 
by a locomotive engine on four wheels, two of them 
lioiiig driving wheels made to revolve by crank-pins in 
their spokes. The waste-steam pipe from the cylinder 
to the chimney gave its pufis ae in the present day. 



k 



■■e ? ' l.y 0. D. IltJlpy, rublisLni 1858. 
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The cylinder, instead of being horizontal as in tlie two 
former railway-engiiiea, was now again vertical, as in 
the first Camborne common road engine; its weight 
was 8 or 10 tons. 

Mr. Bendy, who had before worked for Trevithick, 
says, " The engine used in the dredger' was of the same 
size as that fixed in London to run round the circle at 
the speed of fourteen or fifteen miles an hour — the 
cylinder was 14j inches in diameter, with a stroke of 
4 feet."* The ' Catch-me-wlio-can,' or ' Racing Steam- 
Horse,' was to run against a flesh-and-blood race-horse 
for a fair day's work, the one performing the greatest 
number of miles to be the winner. Probably the diffi- 
culty of settling preliminaries caused the contest to be 
deferred and forgotten ; for there is no record of the 
race having been nm. 

Mr. Bendy, who worked as a foreman mechanic on 
Trevithick's dredger-engine of 1803, and was a spec- 
tator, if not an assistint, in the railway experiment in 
1808, says the two engines were alike, and this link 
gives an accurate knowledge of the detail of the 
engines; remove the fly-\vheel and crank-shaft from 
the drawing of the dredger-engine, attach the two side 
rods to crank-pins in two driving wheels, place a 
^damper in the chimney, and we have the counterpart of 
the locomotive on Trevithick's card of 1808. 

In 1870 the writer saw in a foundry at Bridgenorth, 
where those engines were made, one of the original 
cross-head guide-rods, precisely as shown at K K. 

The drawing of the dredger in Rees" ' Cyclopaedia ' 
.was hy Mr. J. Farey. The detail description, omitted 
iy him, is supplied by the writer. 

' See clrawing nf liredgcr-engine, chap. xi. 
, ' Sm Mr. Htiia.v'8 letter, ct.ii)>, xi. 
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The following description from Rees was probably 
■written by Robison or Farey, both of them intimately 
connected with Watt : — 

The high-pressure engines at present in use were introdncetl 
by Mr. Trevithick, in conjunction with Mr. Virian, who obtained 
a patent for the same in 1802; this was principally for their 
application of the engine to the purpose of driving of (.'arriiige^ 
upon railroads. This engine containing no iiiutcrial parts which 
Are not used in other engines, and before described, it may be 
^zplaiued without a drawiug. The boiler consists of a large 
cylinder of cast iron, made very strong, with a flanch at one of 
it« ends to screw on the end or coTer, which has the requisite 
openings for the fire-door, the man-liole, the exit for the smoke, 
and the gauge-cocks. 

" The fire is coutained within the boiler, in a cylindrical tube of 
wrought iron, which is surrounded with water on all sides, in the 
game manner as the fire in JMr. Smenton's portable eugmes ; but 
there is a little difference in the application : one end of this tube 
is flanched to the end or cover of the boiler, and is divided into 
two parts by having the firc-grute extended across it ; the tube 
extends uearly to the end of the boiler, wlierc it is reduced in 
aize, then doubles, and returns back in a direction paridlel to 
■the first tube or fire-place to form the flue or chimney. On one 
(tide of the cylinder, just above the flancb which fixes it into the 
boiler, and beneath the top 0anch, which fastens down its lid, is 
protuberance of cast iron, to contain the four iiassagea and the 
cock (one passage rises directly fi-oni the boiler and brings 
steam to the cock at one side, to be distributed either to the top 
or bottom of the cylinder, according to the position in which 
the cock stands). The boiler is supplied with water aa fast as 
it evaporate*, by means of a small force-pump worked by the 
engine ; but as it would be a great loss of heat to inject cold 
water at once int« tlie boiler, it is first rendered nearly or quite 
boiling by a very simple coutrivanee. Tlie waste-pipe, which 
conveys the steam away from the cylinder after having per- 
formed its oiBce, is enclosed within an external pipe or jacket 
leaving a space of about an inch all round ; through this space 
the cold water is forced to enter at one end hv the small I'oi-ce- 
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pum{>, and tlio boilor is mipplied with water hy a brand) from ita 
other extremity. The Telocity of the eugine ia regulati'd, or its 
motion can bo eutirely stopped if required, by a cock situated 
in the first passage from the Ixiiler to the four-passaged cock. 

"Several very terrible accidents have occurred from the 
bursting of bigh-prosBtire boilers, either from their being made 
too weak to resist the force they are intended to bear, or from 
some mismanagement, as loading the safety-valre too much. 
Some years ago an engine that was employed to drain wal«r 
from the tide mills while building between Woolwich and 
Greenwich, was blown up by overloading the safety-valve, when 
several people were killed." 

This description, published in 1819, shows that up to 
tliat time Trevithick's patent engine of 1802 was looked 
on as espeeialiy suitable for driving- carriages on rail- 
ways, and though parts are spoken of as not new, uo 
statement ia made of wlio had used them before, ex- 
cept " a similarity to a boiler made by Smeaton with a 
little difference." The several terrible accidents are 
not particularized, except that at Greenwich, which wsb 
not caused by any defect in the engine or boiler, but by 
the fastening down of the safety-valve. The bias of 
the statement is evident, the exploded boiler having 
been a globular cast-iron boiler enclosed in brickwork, 
with external fire in contact with the cast iron, while 
the condemnation is ajiphed to a cylindrical boiler with 
internal fire in a wrought-iron tube, proving the truth 
of Trevithick's statement made at the time, that Boulton 
and Watt had made false reports on the explosion.' The 
waste-steam blast-pipe is shown in connection with the 
chimney, but the writers in 1819 seem not to have 
comprehended its value, though it had been in operation 
for eighteen years. 

' Sec Trevitlik-k's letter, Oclober 1st, 1803, diap. \x. 
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The compactness, pevfection, and beautiful siraplicilj 
of Trevithick's engines of sixty-five years past are by 
this drawing raade manifest to engineers of the pre- 
sent day, while the written description makes it equally 
evident that it was incorrectly spoken of. 
, An important evidence of the rapid advance of loco- 
pnotive mechanism under Trevithick's guidance is in 
t}ie use of but two driving wheels in the 1808 loco- 
motive, while former ones had four wheels coupled to- 
gether, making them all drivers. In all probability 
Mr. Blackett and Mr. Iledley, his agent, rode on this 
engine, for they were at that time in frequent communi- 
cation with Trevithick on the subject of railways and 
imotives, and yet failed to see the lesson so plainly 
.ught, for shortly afterwards these two gentlemen 
patented the discovery of sufficient adhesion from 
smooth wheels. 

Mr. Hedley was appointed engineer of the Wylam 
Colliery about 1805, when Trevithick's locomotive was 
sent to Mr. Blackett, and was not ignorant of the suc- 
ceeding trials arid improvementfl by- Trevithick, for 
shortly after the public proof in 1808 of what could be 
done Mr. Blackett again solicited Trevithick's help, 
either by engines or drawings; yet in 1813 he patented 
the invention as his own. 

"To operate by mere friction or gravity bad not as yet 
occurred to anyone, until the late Wiltiam Hedley, Esq., 
viewer, who bad the diiection of Wylam Colherj', conceived 
the idea; and having satisfied himself by a variety of experi- 
ments witli the waggon-way carriages, ho took out a patent for 
_the invention, which bears date March 13th, 1813. 

" In 1814 Mr. George Stephenson, having given his attention 
D the subject, fitted up an engine at Killingwortli Colliery." ' 

» InvcDteil the Locomotive ?' hy O. D. IlcJley, 1858. 
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This is strong eridenoe of the inaliilitr of tlie iutel- 
figent pofalie of that day to comprehend Trcvitkick 
or bis engines ; but it is still tnorc strange th^t fifty 
VBua have &iled to endrely remove the mist.. Evi- 
deocjes bad been given through the length »ud breadth 
of Ei^Uod oftbe soffictency of grip on common roade, 
on tnin-^ilates, and on raik. Miuiy years afterwards 
Ih-. Ididner, in a lecture on the locomotive, spoke of 
GeM^ Stephenson as " the father of the locomotive 
engine." Mr. Hedley wrote the following letter in 
reCatatioo of Lanlner's i4atement :— 



i 



« Sm, " Smielb Kow, rtt^-mhrr 10, IfiSG. 

" I respedfally be^ to call your attention to the follow- 
ii^ rmaastmaces catwected with the (wtablishmeot of tlie loco- 
motive engine in this distnct : — 

"Id October. 1812, I had the direction of Wvlam Colliery. 
At tint j)«.-riud 1 nas rvqnestrd bv the proprietor (the late Mr. 
BUckett) to undertake the constmctioo of a locomotive engine, 
lite odebcu^ Trevithti-k had |ire'rioasly been aj^plied to for one: 
in i^ply. he staled that be bad declined the business. Amongst 
the uiauy ol»i«aeles to locomotion at that period was the idea 
entertaiued by practical men, and wbit-h was acted upon, vd. 
thai an engine would oidy draw after it, on a level rood, a 
w^ght equal to its own. 

"Mr, Bleukinsop, in 1811, efre<^ed the locomotion by a 
toothed or nkck ntil ; in DeeemWr, 1SI2, W. and E. Chapman, 
by nieans of a chain ; anil in May, 1813, Mr. Bruuti.m, of 
Butterley, by movable K^s- I wafi, however, forcibly impressed 
with the ■<lea, and which was strengthened by soin4 small pre- 
limitutnf experinutUs, that the weight of an engine was sufficient 
for the purpose of enabling it to draw a train of loaded waggons. 
An engine was then constructe<), the boiler was of east iron, 
the tube containing the tire went longitudinally through tliu 
hoile-r into the chimney. The engine had one eyliuder and a 
fly-wheel : it went badly, the obvious defect being wont of 
steam. Auuthcr engine w:»s then I'onstrni-ted, the boiler was 
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of malleable iron; the tube contaioing the fire was enlarged, 
and, in place of passing directly through the boiler into the 
chimney, it was made to return again through the boiler into 
the chimney, now at the same end of the boiler as the fire-place. 
This was a most important improvement The engine was 
placed upon four wheels, and wont well. A short time nfter it 
commenced, it regularly drew eight loaded coal-waggons after 
it, at the rate of from four to five miles per hour, on Wylftm 
Kuilroad, which was in a very bad state; in addition to this, 
there was a great rise in the direction of the load in some parts 
■ of it ; the road itself was of that kind termed the plate-rail. 

" In conclusion, I beg to say that 1 am the individual who 
established the principle of locouiolion by the friction or adhe- 
eion of the wheels upon the rails ; and, liirther, that it was the 
engines on the Wylam Kailroad that estjiblisbed the character 
of the locomotive engine in this district. 

" I trust jou will see the propriety in your future lectures of 
not designatbg Mr. Stephenson the ' father of the locomotive 
engine.' 

" I beg lo Bubscriljc myself. Sir, 

" Yt lur obedient servant, 

■' WlLLI^ftM HeDLEY.' 



About ten yciirs after the iliito of Mr. Hodley's 
letter, at the opening of the Treut Valley Railway, Sir 
Eobert Peel, then Prime Minister, proposerl the health 
of George Stephenson, as the "father of the locomotive 
engine." Mr. Stephenson, in reply, swallowed to him- 
self the whole compliment, causing the writer to leave 
his seat with the intention of putting iu a claim for the 
memory of Trevithick ; the late Mr. Thomiis Brassey 
noticed the intention and pointed out its inconvenience 
at a convivial meeting. 

Mr. Hedley's letter, while it shows tlie injustice of 
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Uto pfUeot lawB, gives Ac lirangcet corroborative {SMf 
III' 'L'revithidc's prior datm at the invetitor of the loe»- 
liiulivu. It states that in 1813 practical men believed 

liliat u locomotive od smooth wheels would only draw 
idtwi' it u weight equal to its own. Mr. Wilson wrote 
ill IH05 thiit Trevithick's locomotive, weighing 44 tons, 
wiw to ijull on the Wylaiu Railway IQh tons, at four 
tuiIeK iiii bour. Tbis was a prudently-careftil engage- 
Utuut ml Trevithick's part, for he knew that his Welsh 
ttKivnuwLivo of 3 tons, on smooth wheels, had drawn 
^A-UMibv^k 1«*J nearly five times its own weight. 

Mjr. tU^ley twustructeJ a second locomotive, which, 
I'lXttU !iW-''*» acuount^ wa*> a closer copy of Trevithick's 
l»:uiu*Ki*w». Itoviujr * wrooght-iron loiler and return 
lu^.*(tfwu-. &ttr wiiiee^ ajui drawing eight loaded coat- 
\WMMNUk aft tfae n*e of finm Sovr to five miles an 
' \vik. *Mi lA» Vjlun Rulnwi: tbe engine h»d one 
I t|)lli>illhT T~-' « Rj-wlieel. Ttw dneription is very like 
lilMl b>5 Mr. Wibon, in 1805, of A^ locomotive sent by 
ttnvilkM^ to -the Wylam Ruhnj. At the time that 
)ir. BfrJIey was taking a patent tut "die pnnciple of 
^MOOkotion hy the friction or adhediHi of the wheels 
«pou the railn," 'rrcvithick wii;» writing of his patent 
engine, — "I iitn cnnvirKX'd to a certamty that the en- 
gine at Iliiyl" will rli'uw alKivo 100 toas of stone from 
the quarriuN, itiid \n\{ them into tlie slupvfaold, in one 
day."' And in Iho piTCoiIing year, — ^I am now 
building a jiortuhlo Mefim-whim on tl>e same plan, to 
go itself from Hliaft to shnft. He may see this at work 
in a montli, wliich will prove to hira the advantage 
of a portahle engine fx^ travel from one plantation J 
another; th»; price eomplote ie 105/."' 
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It may never Le known bow many of Trevithick's 
locomotives really worked, or how many of them 
reached Newcastle. 

' Catch-me-who-can' proved the feasibih'ty of steam 
locomotion on rails of iron resting on longitudinal 
timbers, and caused Mr. Blackett to write to Trevithick, 
Boliciting another locomotive for the North, 

Smiles eays : — 

"Mr. Blacki-'tt had tukeu up the wooden road in 180?, and 
laid down a plate-way of cast iron ; he went ho far as to order a 
louomotive direet from Trevithick to work hia waggon-way, 
about the year ISll. 

" While Mr. Ijlaekett was thus experimenting and building 
locomotives at Wylam, George Stephenson was anxiously 
brooding over the same subject at Killiugworth. 

" Mr. Blackett's engines were working daily at Wylam, past 
the cottage in which he had lieeu born, After mastering ita 
arrangements and observing the working of the machine, lie 
Aid not liesitate to declare to Jonatban Foster on the spot his 
firm conviction that he could muke a much better engine tljan 
Trevithick. The steiim-blast in the chimney was never pro- 
perly undoratood, until George Stephenson, adopting it with a 
preconceived design and purpose, demonstrated its importance 
and value, as being in fact, the very life-blood of the locomotive 
engine," ' 

This account of the blast-pipe, and bungling attempt 
to copy Trevithick's locomotive, may go into the waste- 
paper basket, with tbe many other erroneous demon- 
strations on the same subject ; hut tlie lessons taught 
by comparing tbe slow progress of tbe locomotive in 
the North about 1813, when Stephenson took it in 
hand, up to tbe Liverpool and Manchester trials in 
1829, with what Trevithick bad done, standing by him- 
self, between 1801 and 1813, are melanclioly proofs of 

■ See Smiles' ' Lifi- uf Uporge SU.'piit.iBuri,' pp. 74-Hl, 
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of the insurmountable difficulties placed in the path of 
progress by ignorance and eelf-interest. 

It has been said that Cugnot, as early as 1769, trie-l 
to make a low-pressure locomotive, but failed to accora- 
plish it; and that Watt made a similar futile attempt 
fifteen years afterwardf-. 

Hebert says ; ' — 

"From alt the inroriualion that we can glean in tracing out 
the early history of locomotion, this remarkolile circuiBStance 
constantly present* itself; that when Trevithick's carriages 
with Bioooth wheels were employed upon levels, or sh'ghtly- 
inelined planes, irividions compariBons with others having cogs 
were made against the former, because, as was asserted, they 
slipped, and could not ascend Buch acclivities as the latter; 
and this, notwitlistaudiiig Trevithick first suggested, by his 
' cross^roovea and fittings to railrouds,' the very principle 
of the cogs, ill a less objectionable fortn, and ' all other appli- 
ances to hoot,' of the engine and boiler, contained in the sud 
locomotive I Thus Trevithick lost many orders, and they were 
given to those who adopted all the essentials of his plans, 
without acknowledgment, and employed them as the basis 
of their structures ; and when, at\er the lapse of years, it was 
founil out by these ffentlemen that smooth wheels had sitlficieut 
'bite' of the mil in most cireumBtancea, they made that iact 
appear to he their own discovery, notwithstanding it ie stated 
in Trevithick's specification of 1802, and was confirmed by his 
practice ; which practice they at first condemned with one 
general voice ; and when at last they were compelled to 
practise it abo, they endeavoured to make it apjiear as vastly 
superior to Trevithick's mode of surrounding his wheels 'with 
heads of nails, holts, and claws,' which he never used at alii 
These ungenerous proceedings against the moat eminent 
mechanic of his time, appear to have been going on on- 
checked from 1802 up to the present time — 1836." 



' Sec LuVe Hebert's practical treatise oi 
publish«l 1837, 



' RAilroada and Locomotion,' [l 30 ; 
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The ' Penny Cyclopfedia' has the following : — 

" The possibility of applying the steain-engine to pnrposea 

' of locomotion was conceived ijy several of its earliest improvers ; 

and in 1784 a plan was suggested iu one of the patents of 

Watt ; but it doea not appear that either he or any other 

' inventor carried their ideas into practice until about 1802, 

when Mesars. Trevitliick and Vivian patented a hi g!i- pressure 

engine, wliich, by its simplicity and compactness, was admirably 

I adapted for locomotive purposes. Witliin a few years tliey 
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knilt eeveral earriagee, one of which, at least, was for use on 
s common road. In 1805 they made some interesting experi- 
ments with a machine similar to that represented by the 
annexed cuts, on a tramway near Merthyr TydfiJ, and thereby 
proved the practicabiUty of their plans. It is remarkable that, 
notwithstanding the extreme simplicity of this machine, it 
almost all ibe esaciitiiil iirraugcruciits of the ractdern 
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; and Uie ideas u( its inventors were so complete that 
nbaeqaent eDgiaeera hAve had little to do bevond impronng, 
and carrnng into effect the si^gestions of their ^^ecification. 

"And the admirable arrangemeat of throwing the waste 
steam into the chimaey, has been almo^ inrariably followed; 
aa it affords a blast always proportionate to the speed of 
the engine, and the ccinseqnent demand for the evolution of 
steam. 

" A sopplementary carriage followed the engine, to carry a 
supply of fuel and water, and a small fort-e-pump, worked by 
the machine itself^ maintained the requisite supply of water in 
the boiler. 

"Being otherwise occupied himself, be did not proceed with 
his locomotive experiments; but many others entered the field, 
thongh they produced few useful contrivances that were not 
either used or suggested l»y him. 

"Mr. Utenkinsop in 1811 patented a locomotive engine, in 
which the (wwer was applied to a large cogged whetl, the 
teeth of which entered a rack laid down beside the orJinaty 
mils. Blenkinsop's engine was in other resi>ccts very simitar 
to that of Trcvithick ; but two cylinders and pistons were 
employed, working separate cranks at an angle of 90°, so that 
one was exerting its full force, while the other passed its dead 
point. 

" In 1825 the Stockton and Darlington Railway was opened. 

"As tlie Liverpool line approached completion, the directors 
took great pains to ascertain the best method of working it. 
They were soon convinced that liorse-power was ineligible, as 
it was intended to aim at considerable velocity; and the ex- 
pense of animal power when ap])lieJ at a speed of eight or ten 
miles pt'r hour is very great. It was not so easy to decide on 
the comparative merits of sttitionary and locomotive engiuee. 
Various suggestions were made for the application of fixed 
engines at intervals of a mile or two along the line, to draw 
trains by ropes from station to station ; but it was eventually 
determined to use locomotives, and to offer a premium of 500/. 
for ihe best to be produced, ivhieh would fulfil certain condi- 
tions, of which some were — that it should not emit smoke; 
should draw three timoa its own wiight at the rate of ten miled 
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r hour ; should be supjwrted on springs ; not to exoeed ti tou3 
weight, or 4^ tons if only four wheeU ; and should not cost 
ire than 550/. The trial was fixed for October, 1829, when 

fonr locomotives were produced, one of which was withdrawn at 

the oommencenient of the experiment." 

This description of work performed by a locomotive 
at Mertbyr Tydfil in 1805, may lead to the conclusion 
that the Welsh tramroad-engine of 1803 was not the 
only one worked in Wales about that time ; but in 
the absence of sufficient identity, the writer views this 
;drawiug as showing the London railway locomotive of 
1808. The mention of several steam-carriages having 
been tried within a few years of 1802, one at least of 
which was on a common road, and one on a tramway, 
throwing the waste steam into the chimney, thereby en- 
abling the boiler to give the required steam supply, is 
confirmatory of similar statements in Trevithick's letters. 
The fire-bridge shown in the fire-tube, and the statement 
that a tender was attached to the engine for carrying 
water and coke, are both omitted by otber commen- 
■iators; yet we know that all Trevithick's locomotives 
^d the fire-bridge, and if all had not tenders on 
tiieir experimental trials they would of necessity have 
had them when in regular work. All the drawings 
of the early locomotives show the exhaustrsteam pipe 
connected with the chimney, but none give the up- 
turned part; yet it must have been so, because the 
several locomotives could not have worked without 
an effective blast. The writer having built and worked 
numerous locomotives, ventures to make this statement, 
though in direct opposition to opinions written and ex- 
pressed by many. 

Though the outline of this locomotive is very like the 
Dredger-engine, it evidently is not the same one ; 
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for the Dredger has a taper tube in the boiler, wbile 
tbe locomotive has the bottle-neck tabe, with the fire- 
bridge placed at some distance from the contracted 
part of the fire-tube, and siipposiog it allowed of the 
passage of a little air ia very like mwiem patent smoke- 
burners. 

Mr, Raatrick'a evidence on the Liverpool and Man- 
chester Railway Bill in 1825 mentions that a loco- 
motive was made for Trevithick in 1807 or 1808 at 
Hazeidine and Rastrick's works at Bridgenoi-th, and 
was in the latter year run on a circular railway in 
London. " It was stated that this engine was to nm 
against a horse, and that whichever went a certain 
number of miles was to win." Probably the same 
engine is described in the 'Penny CyclopEcdia' as 
" generating steam with great rapidity and of a high 
degree of elasticity; the waste steam, after propelling 
the piston, passes by the eduction-pipe into the chimney, 
where its emission causes a strong draught." 

A year or two prior to the all-England competition, 
in 1829, Trevithick had returned, after an eleven years' 
absence from his native country, to find that what he 
had performed on bad tramways with shaip curves and 
inclines twenty-five years before, it was thought unrea- 
sonable to expect on a carefully-made railway with easy 
■ curves and gradients. The Liver|X)ol and Manchester 
directors seem to have been guided in their limit of work 
by Trevithick 's 1803 engine, which took more than 
three times its own weight at a less speed ; but when 
light, moved at a greater speed. The weight of that 
engine was also their limit; while bis 1808 engine 
was double the weigljt of the former, and took pas- 
sengers at twelve or fifteen miles an hour. Sketches 
of the 'Rocket' and tlie ' Sanspareil,' the two best 
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engines of 1829,' sLow the latter to have been very 
like the ' Catch-me-wbo-can ' of 1808 ; while the former 
is more like the Newcastle engine of ISOi, Each 
of the 1829 locomotives had two cylinders. The 
'Rocket,' whose boiler was much improved by small 
tubes, averaged a speed of fourteen miles an hour, with 
10 or 11 tons of load, its greatest velocity being at the 
rate of twenty-four miles an hour, or double the speed 
required by the terms of the race. 




It was Trevithick's high pressure that enabled the 
Bteara-engine to be used for such purposes, and even 
the improved tubular boiler enabling the 'Rocket' to 
win the prize, had in principle been used and patented 
by him long before. 

His patent of 1802 recommends the use of two cylin- 
ders, and shows a boiler with three tubes. The difficulty 
of manuiacture confined him in practice to one cylinder 

' Kee LuXe Hebert 'On RsilwayB.' 
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aud two tubes, called the return tubes. But he patented 
in 1815 a boiler made uf small tubes, and applied it in 
that or the following year to his screw-propeller engine. 
There was this difference, — his patent shows the water 
ill the small tubes with the fire around them; the 
'Rocket' had the fire through the tubes and the water 
around them. 

The reader will judge of the similarity of the loco- 
motives by Stephenson and Hackworth to Trevithick's 
earlier locomotives which they had seen, The ' Novelty,' 
by Messrs. Braithwaite and Ericsson, one of the three 
best of the competing locomotives, in its outline was not 
60 much like a copy of Trevithick's as the other two; 
but a closer examination reveals the same family like- 
ness. It has been said that the drawings for the 
' Novelty ' were made by the late Mr. John Hosking, 
who had been a pupil of Captain Samuel G-rose when 
he erected Trevithick's engines in Cornwall, and while 
so engaged was also a fellow-draughtsman with the 
writer, and was afterwards employed in Stephenson's 
works at Newcastle. 

To Trevithick and bis never-ceasing practical exer- 
tions, iu Cornwall, London, Shropshire, South "Wale.-!, 
and in Newcastle-on-Tyne, are we indebted for the 
first practical and real evidences of steam locomotion. 
Yet though he had returned to his native country a 
year or two before those locomotive competitions on tlie 
Liverpool and Manchester Railway, he was not consulted 
by the competing engineers, all of whom mav Ite said lo 
have taken their first lessons from him. His labours for 
the locom:otive had ceased, but for the general hJstorv 
of its further progress we may trace it for a few years 
under its modern name of outside-cylinder engine. 

In 1840 the directors of the Liverpool and Man- 
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Ichester and Grand Junction Railways, ten years having 
\ elapsed since the public locomotive triak, with the 
I assistance of George and Roliert Stephenson, and 
L Joseph Locke, came to the conclusion that a new and 
improved locomotive should be designed, on wbicb, as 
f fer as possible, all succeeding ones should be built; 
I this was shortly after the time that Robert Stephenson 
I withdrew from direct interference on the Grand Junc- 
I tion Railway, Joseph Locke having become the engi- 
I neer-in-chief, whose report to the directors on the engine 
f stock, written on the last day of 1839, states : — 



" If & Hubstaiitial improvement can be made, let it be applied 
I to new engines, or to tliose already worn out which require to 
I be renewed. This is a field sufficiently wide for the most 
r inventive inind, without permitting it to range over the whole 
f list of engines that are in daily use. In making tbia suggestion 
I I know that it may he said that 'there is an end to improve- 
i metits;' but so cooviiifed am I of the I'oUy and ex[)eiise of 
Krpetually altering the engines for the sake of some trifling 
( gain, that I would rather submit to this inipntation than see 
I those changes so often made. It would be well also to have in 
l.Tiew the advantages of making as many paris of the different 
[engines similar to each other as possible. To give you uu 
I iUustration, I find that notwithstanding the great number of 
[-engines and tenders, there is sometimes a want of tenders, 
I" arising from the connecting pipes being of different sizes. I 
lately found an engine standing idle for the want of a valve to 
the pump, a small piece of bi-ass not more than 3 lbs. in weight, 
and although there are ten engines of the same class on the 
. line (with two pumps to each engine), there was not one dupli- 
I cate valve on the establishment. The euginemen should be 
tlinder the locomotive superintendent, and should take their 
I orders from him. In concluding this report I would take the 
[ liberty of pressing on your attention the necessity of preserving 
I with the engines a more uniform rate of speed. All the improve- 
l-ments that experience has suggested, and will suggest, must 
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give way under the effect of ovemuming. The only way of 
avoiding this espense is to make a stamJ at some given speed. I 
care not how h^b it is, so long as the present engines can do it.' 

The writer was in communication with Mr. Locke 
prior to sending this report, and during the following 
seventeen years acted on the advice, though of neces- 
sity the strict letter had to be varied with the change 
of time and circumstance. 

Engines were constructed, weighing alwiit 10 tons, 
with two outside cylinders, each 12^ inches in diameter, 
supported on six wheels, the two driving wheels heing 

5 feet in diameter : the average load of a passenger- 
engine between Liverpool and Birmingham was ten 
carriages. 

In the following year the trains averaged twelve 
carriages : engines were made to suit the increased 
work by giving a cylinder of half an inch more in 
diameter. Again, in 1843 the trains increased to fifteen 
coaches ; another quarter of an inch was added to the 
diameter of the cylinder, demanding a httle more boiler 
space, and a little more weight on the driving wheels, 
the more so as the writer was allowed to risk an increase 
of steam pressure from 50 to 60 lbs. on the inch, to 
meet the increased size of the driving wheels to 5 feet 

6 inches, that the speed might be increased. This 
improved locomotive had a 13^-inch cylinder, weighed 
12 tons, on six wheels, and would take a train of sixteen 
passenger-carriages between Birmingham and Liver- 
pool, with the precision of clockwork, at a speed, 
including stoppages, of thirty miles an hour. In 1844 
the driving wheels were again increased to 6 feet; and 
in 184.'), with increasing traffic and speed, and to sur- 
mount the Lancaster and Carlisle sharp incline of 
1 in 75 for three or four miles, the cylinders were 



increased to 14^ inches diameter, 20-incli stroke, 6-feet 
driving wheels, and steam of 75 lbs. on the inch ; this 
engine was not ranch heavier, neither did it work with 
a higher pressure of steam than Trevitliick's London 
locomotive of 1808, whicli ran on sharper curves at 
fifteen or twenty miles an hour, worked by one outside 
cylinder 14^ inches in diameter, 4-feet stroke, and steam 
of 100 lbs, on the inch. Such was the slow progress 
of the locomotive engine. 

One of these good little engines of 1845 gave special 
proof of efficiency. About the year 1846, on a rainy, 
blowing, autumnal Saturday night, the writer was sum- 
moned, from nursing an iniluenza cold, to the railway 
station. Her Majesty, Prince Albert, and the rest of 
the Eoyal family, had unexpectedly arrived, and desired 
to be in London by ten the following morning. Con- 
tinued rain hiid caused the line to be unsafe in places, 
except at comparatively slow speeds. Saturday night 
is proverbially a bad lime for finding people wanted in 
a hurry. However, at si-v the next morning, in dim 
light and blinding rain, the Royal train was in readi- 
ness, and Her Majesty punctual to the minute, when, 
after a little animated delay for the lady in waiting, 
a start was made, and the required speed of forty miles 
an hour steadily run, until a providential disobedience 
of orders by the pilot-engine man caused the steam to 
be instantly shut off, the brakes applied, and the speed 
reduced to one-half; fog signals exploded in close prox- 
imity to the danger ; red flags were hurriedly unfurled, 
and in a moment the engine rolled as a ship in a storm 
through an alarmed group of a. hundred navvies, who, 
thinking it a quiet day, had raised the rails and sleepers 
a foot aljove their bed of soft clay, that a thick layer of 
hallafit might be shovelled under them. For a quarter 
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of a mile did the premus freight pa^ safely over this 
bridge of rails eupporte>3 on brickbats, the only 1031117 
being a bent driving axle and broken beartng-brasaefl, 
with which the engine kept time to the next relieving 
station, and then broke down. I believe it was in the 
same year that the writer, with one of the same engines, 
took Sir Robert Peel safely over the same railway, be- 
fore it was completed or open to the public, on his way 
from Tamworth to Liverpool to deliver his memorable 
speech on the Com Laws. That class and size of out- 
side-cylinder engine remained in nse for ten years, when 
in 1856 the growing demand for greater speed caused 
the driving wheek to be increased to 7 feet and the 
cylinder to 15| inches in diameter, retaining the old 
stroke of 20 inches^, bnt increasing the size of the boiler^ 
using 150 tubes, and giving steam of increased pressure 
to 100 lbs. on the inch : the gross weight was 20 tons. 

Plates TI. and Til. show Loudon and North-Western 
Railway outside-cylinder passenger locomotive, 1856. 

In 18C7, a similar locomotive in the Paris Exhibition, 
from the French engineering works at Creuzot, waa 
labelled Schneider's prize engine. An exceptional en- 
gine was built in 1847 to refute a dogma of the broad- 
gauge advocates that the narrow gauge had i-eached its 
limit of speed, because the driving wheels could not be 
safely increased in diameter. A narrow-gauge engine 
was therefore constructed by the writer with 8 feet 
6 inches driving wheels, being 6 inches more than the 
largest broad-gauge wheels. This engine still continues 
to run express trains, the only change being in a more 
modern boiler. It was sent to the London Exhibition of 
1851, and some years afterwards the late Mr. Fairbaim 
congratulated the writer on the medal awarded for it, 
and accounted for it>i nou-presentation from the question 



-^ 



T 



i. 




I 




£: 



r' 






I - » *? 



/ 




TRAM AKD liAlMVAY LOmMOTlVKR. 



having arisen of whether the medal shoiiKt be awartlctl 
to the Railway Secretary, whose name was officially 
attacheil, or to the designer, whose name was not offici- 
ally attached. 

Having slightly traced the oiitside-cylinder locomo- 
tive engine from its starting into life in Camborne in 
1801 through its chrysalis stages of common road, tram- 
road, and railway engine up to 1808, then throngh 
twenty years of restless sleep to the Liverpool and 
Manchester period of outburst into general usefulness 
in 1829, witli the prize 'Rocket,' weighing 4| tons, on 
four wheels, having outside cyhnders 8 inches diameter, 
i8-inch stroke, 2 feet 7 inch driving wheels, twenty- 
five tubes in the boiler, giving steam of 50 lbs. on the 
inch. Then came during sixteen years a time of 
steady growth up to 1845, when it scarcely exceeded 
its weight, size of cylinder, or steam pressure of thirty- 
seven years before, while the improved form of 1856 is 
still in use. Shortly after the ' Rocket ' period, cranked- 
axle engines came into use on many railways, but as the 
Trevithick locomotives were all outside cylinders, that 
kind alone has been spoken of. 

The clear practical understanding of giving motion 
to a carriage by the friction or grip of its wheels on the 
road, and of the best construction of a road ibr such a 
carriage, was almost as slow in growth as that of the 
more complicated locomotive engine. In 1801 Trevithick 
and Davies Gilbert tried experiments on the grip of a 
wheel on common roads ; ' this was immediately followed 
by two or three years of comparatively successful expe- 
riments with common road locomotives. In 1802 Trevi- 
thick \vrnt«, "The Dale Company have begun a carriage 
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at tlieir own cost for the railroads."' In 1804 tbetnu*- 
plate locomotive road was well tested io Wa]e& "^l 
doubt not we could draw 40 tons at a time very well; 
10 tone Htiind no cliancc at all with it. It runs up the 
trainroad of 2 inches in a yard, forty strokes permmule 
with the empty waggons,"* In lfi08 the London I«xo- 
motive on a railway passed around euiTes of 50 or 
100 leet radius, at fifteen miles per hour : sdcIi (>TadieDt« 
and curves, manageable with Trevithick's locomotives, 
were thought impoii^siblc thirty or forty years after by 
engineers of ability. 

Tramways and railways for horse-draught were in 
use l>efore Trevitlnck placed his locomotive on tbcm, 
yet he took the improvement of the road in hand, fwr 
he says in 1808,' *' the ground was very soft, and the 
engine sank the timbers under the rails and broke a 
great nnml*er of tliem. 1 have now taken up the whole 
of the tiniljer and iron, and have laid balk of from 12 to 
14 inches sijuare down on the ground." This Trevi- 
thicks railway nf 1808 is somewhat like the Great 
Western Railway of tlie present day. In 1838 the late 
Mr. Brunei gitve the writer a sketch of the permanent 
way, desiring him to construct a piece of about half a 
mile in length near Wormwood Scrubs, as a sample of 
the intended i'orni of construction for the Great Western 
Railway; the timbers and rails of which remind one of 
those used thirty years liefore by Trevithick, except 
that Brunei attached his longitudinal timbers to piles 
and cross-timbers, which latter were after a short time 
removed. 

Practical men are too apt to leave facts unrecorded. 
Some twenty years ago, railway competition caused an 

' See Trpvithick's letter, August 22nd, 181^, chap. ii. 
' See Trevithick 'e IptUr, F.-bninry 20th, 1804, chap. ix. 
' Sw TiTvithick'B letter, July 2bth, 1808, cliap, ix. 
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increased speed in the express trains lietweeu London 
and the North, Frequent notes from tlie manager urged 
the locomotive superintendent to actively carry ont the 
wishes of the directors. To do this, the superintendent 
fitood by his engine and fire men on a journey south 
from Carlisle. At the Lancaster station, when the 
engineman tested the state of the bearings by a slight 
touch of the fingers, the leading axle-box caused them 
to emit a smell of burnt skin : buckets of cold water 
and some grease were hurriedly applied, and, at the 
guard's whistle, the train proceeded. Before many 
miles had been run, the sounds of grinding friction 
gave warning of danger, followed by spurts of bhie 
and white flame, with fizzing sparks from the axle- 
box. Holding out a little longer would bring the 
train to the Preston station without loss of time, 
where another engine was in waiting; the fireman 
instinctively stood near his brake-handle; the engine- 
man, with his hand on the steam-regulator, watched 
anxiously the course of events ; time liad been kept ; 
the innocent passengers went on rejoicing; and the 
directors, almost as ignorant gs the public, pursued 
their policy of hard running. The superintendent, on 
examining the engine, found that the bearing of the 
leading axle had been raised by friction to a welding 
heat, causing it to be wrenched from the axle, close to 
the shoulder or nave of the leading wheel; a small 
roundish knot, projecting from the shoulder, alone 
retained it in its place, while the torn-oflf bearing was 
imbedded as a solid mass with the fused brass and iron 
of the axle-box. 

About that time, the broad and narrow gauge com- 
petition on the extension of the broad gauge to (Jhelten- 
ham, caused the Great Western Railway directors to 
travel from Paddington to Cheltenham and back in a 
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special train drawn by their new 8-feet wheel engine. 
The broad-gauge superintendent invited a naiTow-gauge 
superintendent to ride ou the engine with him. On the 
journey to Cheltenham, on a glorious day, a rate of 
fifty-five miles an hour was run with comparative ease, 
sixty miles an hour with difficulty, and sixty-three miles 
an hour was the extreme limit. The dinner and speeches 
at Cheltenham were highly approved of, and the specials 
started on their rapid" home journey. On rushing toward 
the West Drayton station, through blinding darkness, the 
broad-gauge superintendent hurriedly said, "What's 
that?" and closed the steam-regulator. A brief reply 
caused it to be again opened, and ;v sound, as from 
compressed space, together with a momentary glimpse of 
station-lights, indicated that a station had been passed. 
On inquiry the next day, it appeared that on the approach 
of the special train, a truck was being removed from 
the main line to a siding; as it cleared the points, the 
red signal was turned ofi"; at the instant it had been 
seen as a confused sensation by those on tlie flying engine, 
which in another thirty seconds of time thundered by 
within an inch of the truck pushed by the station-men, 
who gazed on the receding tail-lights as scared men 
reprieved from annihilation. 

Many such hairbreadth escapes could be told by those 
who live on locomotives, and their narration might have 
checked the headlong race for speed, even when railway 
accounts were jobbed to cover the growing wear and 
tear of permanent way and stock from the ever-increas- 
ing weight and speed of the engines ; not, as the jtublic 
suppose, for their comfort in saving an hour in a day's 
travel, but rather that profit may be made by successful 
competition. There has been a departure from Tre- 
vitliick's story ; we must again seek him with his 
favourite high-pressures. 



^ 



I'ABTNEKSHII', ANU EARLY HHiH-FKEBSUKB ENUINES. 221 



CHAPTER X. 



PARTNEKSHIP, AND EABLr HtOH-PRESSURE ENQISEK. 

" DbaB Sib, " Tbebeoar Wobkb, J^mo 22, 1854. 

"I enclose you a tracing of the old puddling engine we 
have here. I am sorry my young man could not get the motion 
complete, but as you have better draughtsmen you perhaps 
could get them to finish one from this. The centres of the 
parallel motion are all given, and the dimensions of the cog- 
wheels; there is no beam, only a cross- head, from which there 
b a connecting rod on each side of the cylinder, down to the 
crank of the driiing wheel. The side beam of the parallel 
moUoa is a light casting. 

•' Yours truly, 

" TuoM.\s Ellis. 
" F. Tkevithick, Esq." 

"About the year 1800 Mr. Trevithick «?ame to Penydarran to 
erect a forge-eugine for the company. I was at this time over- 
looking the engines at Penydarran. I assisted Mr. Trevithick 
in the erection of the forge-eugine. When this engine was 
finished Mr. Trevithick commenced the construction of a loco- 
motive. She was used for bringing down metal from the 
furnaces to the old forge. After working for some time in this 
way, she took a journey of iron from Penydarran down the 
Basin Road. On the journey she broke a great many of the 
tram-plates. After this she was used as a stationary engine, 
and worked in this way several years. The boiler was made of 
wrought iron, having a breeches tube; the cylinder was about 
4| inches in diameter ; the steam pressure about 40 lbs. to the 
inch. The steam from the cylinder was discharged into the 
stack." * 



' IJecollectioiis of Heaa Jones, see 'Mining Journal,' OcUiber 
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"DkarHir, -2ilkl 

" Tlie mil] and poddliiig engine at Tredegar were nude 
bjr Mr. Aai^ry and my father at Penjdatran. There was another 
at Llniii^lthr. near Abergat* encT, and »ereral about tlie dollierie& 
My f«lh<^ was eDi[iloyed in Peoydarran from 1800, when Mr. 
Trevitbick pnt ap the puddling engine and a blast-engine : there 
vtoM also a winding engine worked by old William Richards; he 
fontijiUed to work it for forty years. 

" Toura trulv. 



■* y. TBI 






" Thomas Ellis. 



•* P.8. — The Peuydarran winding engine was taken down in 
1855; the Penydarran puddling engine in 1854; the Tred^ar 
puddling engine in 1856."' 

'riie variety and practical perfection of mechanical 
combinations iu Trevithick'a patent of 1802 are in some 
measure due to his having before that time proved their 
suitability. 

His Cornish high-preBsure steam portable engines of 
17!) 8 and 17!19 were extended to South Wales, one 
of wliicli wan erected about 1800 or 1801, for giving 
motion to the large hammer or rolls or other work in 
the puddling mill of Tredegar Iron Works; remaining 
at work in 1854, when Mr. Ellis gave an outline 
description of it. 

Hoes Jones, who worked as au engine-fitter at Peny- 
darriiii in 17il4, says that Trevithick erected a forge- 
engiuo there aliout the year 1800, and having finished 
it, commenced his locomotive tramroad-engine. This 
latter having worked for some time as a locomotive, was 
I'cinovod from the tramway and used as a stationary 
engine. The boiler ^\-as of wrought iron, with an 



Itrr ln«» Mr. Tliiwus CUis, -IlL Uuvh, 1869. 



PAllT-NERSHll', AND EARLY UiGH-l'BESSUHK ENiilXES. 223 

internal breeches or return fire-tube, working with steam 
of 40 lbs. to the inch ; dischargiug the waste steam into 
the stack. 




Um nilllng-niUI Ouor: k, 
tivinlDfljr-obinlBlun uuliiuEblD 

Svta hum Ur. Ellli :— The tillK In ibr boiler 
(vd. bfoHnlDB Innc In dionDcb-r fnim Ibe bridge 
>l Ui> uUht cod al ths boiler, (nil JolDing [be 

pqffH] thrrtugh ■ blAiil-plp(> up xhf wruiiabl-h 



n. V In. dluifUr. -IB n. long, Id plecn l»l(rd ugeUivr (Uw drairhiK 
lo Aull Ibc paper); Ji.clilmiu/ Into ttblch Ibe vitaU- atouD UpulM 
E tbt IvAl'WitR. the blut-plpe gcilut IhivoBb on In wv ^ 1^ 
strtit fbr bullvr And enirtJW to bring it lo Um rtqulred level r«r 
:Llii|t or tide rod* : 1, cniiki \ m, tootb-wbeelt from wbldi diiaIdd b 
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Mr. Ellis' puddling engine at Tredegar, the Pem- 
darran puddling engine, a blast-eugine, a winding 
engine worked Liy William Richards for forty years, 
an engine erected at Llanelthy, and several about the 
collieries; these continued in constant use for fifty or 
more years. 

The Tredegar puddliug-mill high-pressure puffer- 
engine was comparatively of large size; the regulating 
cock and four-way cock, blast-pipe in the chimney, feed- 
pump, fire-place, and flues, are not shown by Mr. Elliw, 
aud therefore I have not ventured to draw them. Tlie 
practical engineer will readily discern the positions 
they occupied. 

The wrought-iron fire-tube ; the steam pressure 50 lbs. 
to 100 lbs. to the square inch; the used steam " pufied 
through a blast-pipe, up the wrought-iron chimney, 
heating the feed-water in its passage tbrough the feed- 
cistern ;" the external boiler of four cast-iron cylindere 
bolted together, and a kind of box at one end, in which 
the cylinder was fixed ; a cross-head and two side rods 
giving motion to the ci-anks, the piston-rod kept iu 
its proper course by a rocking-beam parallel motion, 
are parts of a whole, not one of which is found in a 
Watt engine. In 1837 the writer lived near this 
engine, and frequently saw it at work ; the blast was as 
useful as in the locomotives then in the writer's charge. 
The old engineman said it had never been altered 
since its first erection, and had never given any trouble 
or required any repairs worth mentioning, though 
working night and day ; the boiler was easy to fire and 
gave plenty of steam ; one engineman attended to the 
varying demands of power and steam supply. The 
same general principles may be traced in the drawing 
of the ' Catch-me-who-can ' of seven years later, tfao 
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most marked difl'erence being tliat the locomotive had 
piston-rod guides as they still have, while the piiddling- 
mill engine had a rockiDg-beam parallel motion. 

"•We have an account of a trial of a small high-pressure 
engine made in 1804, in Wales, to ascertain its powers to raise 
water. The cylinder was 8 inches in diameter, and 4J-feet 
8troka It worked a pump 18J inches in diameter, and 4^-feet 
stroke, which raised water 28 feet high. It worked at tlie rate 
of eighteen strokes per minute, and consumed almut SOlhs. 
of ooiil per hour. This when reduced is al>out 17J million 
pounds raised 1 foot high for each busliel of coal. 

" Many provisions have been made to yuurd against the 
bursting of high-pressure steam-boilers by Mr. Trevithick, who 
first brought the high-pressure engines into use. At first he 
proposed enclosing the safety-valve in such a manner that no 
one could get access to it to increase the load beyond what was 
intended to be employed. Secondly, he drilled a hole in the 
boiler, which lie jilugged up with lead, at such a height from 
the bottom that the boiler could never hoil dry without ex- 
posing the lead to be melted, and consequently makini^ an 
opening for the steam to cKcapp." ' 

The engine described by Eeee wus very similar to 
tlie locomotive referred to in Trevithick's letter as 
applicable to various purposes,' for locomotion or for 
pumping, working with 80 lbs. of steam to the inch, 
having a locked safety-valve, and soft-metal plug on 
the boiler. A portion of the boiler of one of those 
engines may be seen at the Kensington Museum.' 

Mr. Crawshay believed that Trevithick's Welsh 
tramroad-engine had a wrought-iron boiler and two 
cylinders, and certainly such an engine was constructed 
at Penydarran iilont that time : whether or not it was 

' See Roes' ' CycloujediB,' published 1819, under the »ord Stt^m-Engine. 
■ See Trevithick's U tt^ r, »hniary 20th, 1804. snd March Itli, ohap. ix. 
' Sfe chsp. ix. 
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first used as a locomotive, it worked for some twenty 
years as a hammer-mill engine, and then for about 
thirty years as a pumping or winding engine in sinking 
shafts in coal-mines, after which, in 1850, a plate was 
cat out of the wrought-iron boiler, having two holes 
which served for fixing the cylinders, clearly showing 
the use by Trevithick at that early date of double- 
cylinder engines. 

Rees's accoimt of one of Trevithick's high-pressure 
puffer engines erected in Wales to test its real and 
economical power a^ compared with tlie Watt low- 
pressure vacuum engine, shows that people did not 
believe Trevithick,' or comprehend his engines. They 
could trust in an atmospheric or a Watt condensing 
engine of large size and cost, but not in a small thing 
put together by inexperienced workmen, Trevithick 
replied, "I'll show you that it is so." The locomotive 
engine was turned into a pumping engine, that they 
might measure the work done. The economical duty 
of this high-pressure steam-engine as compared with 
the Watt low-pressure vacuum engine is spoken of in 
another chapter.' A small portable engine with an 
8-inch cylinder and 4 feet 6 inch stroke worked a large 
pump of 18i inches in diameter and 4 feet 6 inch stroke, 
raising the water through a column 28 feet high ; to 
perform this required a pressure of steam of iroin 80 
to 100 lbs. on the inch in the cylindrical boiler. 

In this history of sixty or seventy years ago, apply- 
ing only to one field of Trevithick's labours, we have 
puddling-mill engines, forge- engines, blast -engines, 
winding engines, pumping engines, locomotives, plan- 
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isiiin^- hammer tugiiies, and shaft -siii king engines, 
with boilers of wrought iron and of cast iron, giving 
steam up 1o 100 Iba. on the inch ; double-cylinder ver- 
tical engines, and single-cylinder horizontal engines, 
■working with beam and parallel motion or guides, with 
blast-pipe in the chimney — all more or less portable, 
and in no particular similar to tlie Watt engine. 

WTiile the foregoing was being carried out in Wales, 
high-pressure engines were niso erected in other 
places. 

£ >. d. 

" 1803." April 9Ul. Ti. prtiiiiuiii ou Wm. KiiiuiunV t^hcrse. 

ctiarged at 4-liorse 50 B 

M»y 2nd. Miller and May, 6-horse .. 63 

„ „ Gmrge Huiwll, 8-horBe 75 12 

„ 23r(l. Jas. wid Edwd. Swani, P-horee .. .. 75 12 

Jniw 4t.h. Lkiyd, H-lioree "5 12 

„ „ liutt, Jaiuiiwon, and Co., fi-horse., ., 75 12 

„ „ Anthony Hanuaii, 3-lioree 47 5 

May 2nii. JiwJns Spoiia, 12'Lnch cylinder, fur Staf- 
fordshire ., .. liiO O 

„ 23rd. T. Turton, Esq., 20-iiich cylinder, tt. h.. 

crecUd in StaffordBhire 315 

„ 28th. I*rd Dudley and Ward, for n whimwy 42(1 ii 

Jane 6th. John Morris, Ksq., a whimsey ,. .. 2(12 10 o 
Aug. 6th. General Bertham, liir Deptford Hock- 
yard, 14-horse, In h<i erectol an per 

iigrcfmcti I ".'■" II " 

In 180.3 the Government adopted tlie new invention. 
Lord Dudley erected a high-|ireasure whimsey within 
wight of Soho, two otiicrs wltc erected in Staffordshire, 
and many of Trevithiek's first high-pressure steam- 
engines were made at Coalbrookdaie, Bridgenorth, and 
Stourbridge, not far from Soho. 

The earliest of Mr. Watt's steam-engines giviug 
rotatory movement were erected in 1784 :^ those need 
the mm-and-planet wheel; and though the crank in 
a steam-engine had just then been patented. Watt's 

' Kxtnu-t IhiiiJ Amlrc'w Vivinn's nrcoiint-book. 
' ' MwliatiiiM" Maua^.ii)'',' AnKiist 30tb, lS2.t. 

1 2 
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[to xffify it in engmes made *t Sobo caused 
I il* OK is a itesm-eiif^me to be an anknown thing in 
Gucumifi iriien Trevitbick con^tmcteii his Brst high- 
I landfill with imnks. The di^rence between 
vacaran Walt rotatory engine aod a 
rteaoB Xreviihick was, that the former 
had stme faandatims, beam and parallel motion, cod- 
defMBT itai tondetrntig water, aud a large boiler. The 
latter had none of these things; it was self-contained 
and portable, and but one-third of the size or cost of 
the [ow-preasTire of eqnal power. 

Trevithick, Andrew Tivian, and William West were 
partners in the patent of 1802. Trevithick was the 
general correspondent, ready for all comers, promising 
advantages, talking away difficulties, and supplying 
engin>;« from atrange, antried workshops, to he paid for 
when convenient. Vivian was the commercial maii. 
West was a sensible, steady-going mechanical man, 
ready to make good his promises to the letter, but 
somewhat obstinate. Such men under such circum- 
stances could not continue to work in agreement. The 
large sphere of application of the high-pressure portable 
engine could not be grasped by three men destitute of 
workshops, or satisfactory means of construction or 
supply ; and the patent laws were no better than a 
broken reed for support. 

Vivian's account to November, 1804, shows that in 
the short space of two years since the date of the patent 
they had receivetl 1250/. as patent premium on the new 
high-pressure engines erected. The expenses had been 
1097/. Mr. Samuel Homfray had apparently just joined 
the company. 
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Extracted from Andrew Vivian's accoiinte : — 



Cr. 
£ I. d. 

Expenses 887 I T 

, Hy allowance for time 

to this dny . . 100 

hj on accoant of dis- 

burscmenta sine* 

Mr. Homfray in 

concemud, to Im 

settled next account lOil fi 
By Mr. Hurvey, bill 
X cylinder, 



&c. 



} 18 



Richard Trevithick two-fiftlia, 
Andrew Vivian two-fifths, 
William West one-fifth," 

In May, 1 805, Vivian was in London negotiating the 
sale of hie sliare in the patent. Trevithick, then occu- 
pied in breaking away the rock in the Thames near 
Blackwall, was to give Sir William Curtis another offer 
of Vivian's share for 4000Z., with an additional 1000^. 
if the threatened patent lawsuit with Dixon went in 
favour of the patente&«. 



'• Mb. Trevithick, " Camdorne, mhj/ 22, isos. 

'• Dear Sir,— I have yours of the 18th instant, for which 
I am much obhged. It found me in a mo8t melancholy situation. 
I returned from London here on Tuesday evening, between five 
and eix o'clock, ami found my [loor Aiidrew much weaker than 
when I k-ft him. He rejoiced to see me, but soou told me that 
we were soon to part to meet no more on earth ; and after 
taking the moat aflbctionate leave of all, he said he had given 
up the world, and all that was tlierein, and resigned himself to 
will of that God who gave him life. About three or four 
o'clock the next morning the Almighty was plensed to take 
liim. The dear boy «aH pfrfef-ily in his senses, and appeared 
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to leare the world without pam. This has been it sad stroice to 
me, and have M^rcely beea able to nrite a letter since. )ly 
poor wife is still very anwell, and so is the iofant child. 

*• Had I not been 80 moc-h in want of money at this present 
time, would not part with my share in the patent for the enm 
yon hare offered it at; bat my circumstances at present oblige 
me to do what, in other circumstance, I woald not. 

" If there is any risk at all in going to law with Bixon, why 
not avoid it? It is certainly very easy to make a friend of him, 
as the non-existence of tlie jiatent can be bat of little con- 
sequence to him. 

" My finances at present oblige me to empower you to make 
another offer to Hit William Curtis; that is, my share us it now 
stands, for 4000/.. and to receive the other thoosiiud if you 
succeed against Dixon. But should it not come to a trial, 
the last- mentioned thonsaQd to be paid at the expiration of 
one year. 

"I have not seen my brother Henry eiuce the i-eceipt of 
youre, and t^II write you on the other parts of your letter iu 
a few poets. 

" And an), dear Sir, 

'■ Your most obedient servant. 

"Akd"- Vivian. 

" Your dear family are all in good health. I hope my dear 
friend will do all in his power to serve me, and that if money 
cannot be obtained for my share, he will do his best endeavour 
to get about 2000i. some other way. Farewell. 

" Should you want my assistance on the Hofk, I will willingly 
assist you merely as a friend, without sharing the profits." 



" Mb. TreVITHICK, " Cambobne, Jali/ ], 1805. 

" Hear Sir, — 1 have yours of the 27th instant, and am 
much grieved at the relation of all your distresses, and for my 
own part, will not agree to give that rascal Davoyau inch; and 
must beg of you not to make it np but on very good terms, for 

I would rather lose 50/. than the fellow should go unpunished. 

But shall leave it entirely to yim, and Imve no objection t.i 
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bring it iiitrt court again ; but hope tliat will not keep you in 
town ; if it is likely to, would rather you should make it up, 
but certainly he must pay very handsomely for your false 
imprisonment. You are a gentleman of too much consequence in 
the world to he trifled with, and your time viust he valued high. 

" Your dear family are all well and anxious to see you, and 
mine also. 

" Doleoath is better and better, but cannot say so of Binner 
Downs, though I believe more than paying cost I suppose 
Cardeil and Co. have a demand on us, but suppose that will be 
demanded through Edwards, I am not sorry that Rahey has 
given up the trial of the patent ; and I think it would bo right 
for U3 to proptJse to refer the business of his demand and our 
set-off to some one, two, or three respectable persons. This 
you may do without advising with Mr. Homfray, as he is not 
concerned in this part of the dispute, and the otlier demand 
for patent premium may be left out of the present question. 
Pray give this a full thought, and act upon it as your better 
judgment may dictate. With hopes of hearing from, and 
seeing you soon, 

" I remain, dear Sir, 

" Tour obedient servant, 

"And"- Vivian. 
" Can you with any propriety say anything to Sir William 
Curtis about purchasing my shara now Babey has given up 
thoughts of attacking the patent ? " 

The difficult taak of introducing a new thing was 
increased by legal questions in maintaining the patent 
right. Eascal Davey had had a trial with Trevithick, 
and put him in prison, but apparently on false grounds, 
and therefore ought to be made to pay handsomely for 
so trifling with a man of such great consequence to the 
world at large. 

Rabey also threatened to contest the patent right for 
the high-pressure steam-engines. Homfray was then an 
Interested party, but Vivian thought Horafi-ay had 
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m 

lire- I 



iiottiiiig^ to do with the particular eiigiue ou 
Rabey had raised a question. 

This was one of the weaknesses of so all-embracing 
patent. The high-pressure steam-engine was new, 
so were the particular engines drawn and described 
the patent; but Trevithick adapted them to all requiii? 
rnents, many of theui of a form and detail not shown 
in the pitent : such a course opened a door for litiga- 
tion, even though the engines were covered by general 
terms in the patent, for eucli and similar purposes, and 
all on the principle of high steam,' Dixon refused 
pay patent right, because "the words in Mr. Wal 
specification are enough to indemnify him." 

The supplying engines to all applicants, through 
numerous makers, and trusting to their honesty or judg- 
ment for payment of the patent premium, continued for 
a year or two longer, when, in 1807, Mr. Homfray, 
who had from the first Welsh experiments a watchful 
eye, if not a pecuniary interest, in Trevithick's lahours, 
came forward as a leading shareholder, having bought 
Vivian's interest, and negotiated for Trevithick's. 

The following papers, illustrating this arrangement, 
were kindly supplied by my friend Mr. Bennet Wood- 
croft. 

" GENTI.KUEN. ■■ rENVDARR4-N pLACB, May 31, 1807. 

"On my return home I find your favour of the 25tli 
iost. It'e impowible f.ir me to say if Mr. Trevithick haa done 
any acl to fnciiniber tlie pro|)erty he bas in the engine concern, 
over which I Iiold tlie control by a deed of assi^ment. 

" So far as concema me I can have no objection to bis dis- 
posing of his shnro, provided I am not injured, a»d placed in 
n worse situation. I have no wish whatever t« prevent him 
from Belling and making (he most of Lie share. There is na 

' See TrfvithiFk'ii letter, Janniiry 5th, 1804, chiip. ivii. 



and 

1 1^^ 
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awouDt now not closed between me and him which, by calling 
upon Mr. Bill, iitNo. 49, Rathbone Place, lie can settle with Mr. 
Treyithiek. Thore is, likewise a notiMjf-liand of Mr. Trevithick 
I now hold for 300?., da(«d 4th January, 1801. which I shall of 
course set-off ftgaiiist his account of paten t-rii^ht as it coDiea 
due and I receive it. For auy information you may wish 
respecting any legal forma neoesaary for the completion of 
Mr. Trerithick's sale, on my part 1 beg leave to -refer you to 

tUessrs. Strong, Still, and Strong, Lincoln's Inn. 
f "I am, Gentlemen, 

f " Your most obedient servant, 

(Signed _) "Sam'- Homfray. 

:■ 



"N.B. — Tlie account I believ^ is a small one, and easily 
adjusted ; and the uote-of-hand I could endorse to your clients. 
which they could charge to Mr. Trevithick as bo much of the 
purchase-money, and they pay tliat sum to me. — S. H," 



K 



Mr. HomfkaV, " Losdos, /«..« 26, 1807. 

" Sir,^ — ^Tho transfer deed is ready for executing, and as 
H ia necessary that you should put your signature to it, have 
aent it yon for that purpose. Hope you will be so good as to 
execute it and forward it to Mr. West for his signature also. 
I owe you some patent premium, and wish to settle ray account 
with yuu as early as possible, therefore wonlil thank yon to 
send me a copy of your account with me from the beginning, 
and authorize Mr. Bill to settle it with nie on your behalf, 
.please to forward this business, as I am about to leave town. 
" I am. Sir, your very obedient servant, 

(Signed) "R"' Tkevithick. 

Plaiigli Inn, Kidney Stnirs, Limehouse." 

" Hin '■ I^SDos, Sepifmbfr 11, 1807. 

' This is to certify that I have sold to you two-fifths 
■of ft sugar-mill, now on the premises of Mr. Geo. Bowdeys, 



i 
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Blaekfrittra Road, the altove share being all my interest in it, 
for which I have received from yoa a valnable oonaideralion. 
" I am, Sir, 

" Tour very humble servant, 
(Kgned) " Rich'*- TBEnrHit-s. 

~ Sxuma. Hitsra ixo Docoi-u, 
■* TatteKluim Court Road' 

Mr. Saraael Homfray was an influential man of 
business in the Welsh Iron Works, and had taken an 
active part in the construction and trial of the Welsh 
locomotive and utlier of Trevithick's engines. 

The accounts to February, 1807, show tliat the patent 
premiums received a httle more than covered the ex- 
penses. To February, 1808, a profit of 254/. 15s. 5t/. was 
t> l>e divided among four shareholders; Mr. Homfray, 
five-tenths; M-. Trerithick, two-tenths; Mr. Bill, two- 
tenths ; Mr. W&st, one-tenth. Andrew Vivian's share 
had been purchased by Mr. Bill. 

Homfray went to various places to make the high- 
pressure engines known, lawyers' bills were paid, 
amounting to a quarter part of the whole premium- 
money received. Mr. Homfray hesitated to afiBx his 
name to the required legal documents ; and on his 
still declining, Trevithick sold to Messrs. Haynes and 
Douglas his t"o-fifth share of the patent in a sugar- 



" GesTLEMEN, " PRSVUittnAN Place, April 23, 1806, 

" lu a letter I have received from Mr. Bill, he mentious 
you have uot received the letter I wrote from Messrs. Strong 
and Still's to j'ou, which fully answered yuur wiMbes as lo my 
not caUiiig upon yoii for more money for supportiag the patent 
than you had expressed to Mr. Bill, and which he mentioned 
to me. The letter answers every |iurix)8e as though I had 
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signed tlie deed. Il' you have uot i-eceived it, some itiiataUu 
must have happened, and if you will call at Messrs, Strong and 
Still's, they will show you the copy of it. 

"I have ftD objection to the signing of deeds where a number 
of parties nre concerned if it can be avoided (uot more to this 
than any other), and especially where there appeara no kind of 
necessity for my signing. 

" From letters 1 have received from Mr. Bill, who is now on 
a journey, I am in hopes many engines will ba ordered, and 
that we sliall be piit in a train of getting some return of money 
for the great trouble and expense I have been at in introducing 
the engines, which are uow beginning to be generally under- 
stood. Our large engine here goes on wonderfully well ; and 
at any time it suits your convenience to come iuto this part of 

I the world, I shall be happy to show it you. 
" I remain. Gentlemen, 
" Your most obedient servant, 
"Gentlemen, " Pksvuaiikan Puce, 2ith Septvtnber, 1808. 

" 1 feel some concern on account of the state of Mr. 
Bill's health, which, when he wrote last to me from Deal, was 
Bo indiiTerent that, by the advice of a physician, he was down 
there for sea-air; and he mentioned that if his health did not 
improve on his return to London in a week's time, that he 
thought he should decline the conduct of tije engine concern, 
I have written several letters to him, and wished for some infor- 
mation in answer, and as he is silent, and the time of his return 
to London passed, I am fearful he is very ill. I therefore tako 
the liberty of addressing you (being interested in the concern), 
and will be obliged by your informing me if Mr. Bill is in 
Jjondon, and if so, what state of henlth ho is in ; and if he 
'bui mentioned to you tiiat he has thoughts of giving up the 
mcy. I wish, likewise, you to say, if there is anything in 
le report of the Eacing Engine being carried into efifect, and 
so, at what time, and the particulars of the bet, &c., as if it 
to take place, I shall be very much inclined to see it. I have 
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(be BBtisfactioii to say all the eitvines go extremely well; tai 
tlte packing of onr large engine has not been renewed for 
opwards of four months, and it is unknown how much longer 
it will go, it being now as good as new. By letting a &inall 
quantity of water drop coiistautlT into the stuffing bos, it niii« 
down the rod upon the piston and keeps the jiacking 
I have written this to Mr. Bill. 



•■ I am, Gentltmen. 

■■ Your obedient servaut. 

(Signed) "Samuel Uouyiui 






Such were tlie pecmiiary and legal difficulties attend- 
ing the introduction of even a good thing. Mr. Hom- 
fray was willing to share in the profits of the specula- 
tion, but disUked partnership, though he could not get 
on without Trevithick ; while Mr. Bill failed to keep 
matters square, and wialied to give up the agency. 

Trevithick had not thought it worth while to inform 
liis late friend of his having constructed tlie " Racing 
Engine" and London railway; and judging from the 
accounts, Trevithick, the inventor, and West, the inge- 
nious workman, reaped the smallest share of profit for 
their largest share of the work. 

In the six years following the date of the patent, 
from Mr. Bill's aecounte, a hundred peraons had used 
the new engine, comprising the G-overnment, business 
companies, men of rank and influence, and men of 
science, living in various parts of Elngland. Each par- 
ticular engine required adaptation to its special work, 
and had to be constructed under every disadvantage of 
few-and-far-between manufactories, little better than 
what may now be seen in every small provincial town, 
and known as casting foundries. 
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Watt mid Trevithick were rival engineers, workings 
on totally different principles : the one conetvucted his 
engines so as to use the pressure of steam to expel 
the atmosphere, introducing it solely as a means of 
producing a vacuum as his motive power; whereas the 
other utilized the steam as a motor, and only used the 
vacuuna when convenient, 

. Hyde Clarke, who knew Trevithick, and whose father 

■was intimate with him, wrote : — 

"Tlie introduction of Trevithii-k'a imjirovemeiit gave in- 
creaaed jioiver tci aleftiii, and it ia of that importaiite that 
Stuart — no mean aiithorily on hislorifal points, iind not likely, 
from national 8yin|>athy, to untlerrate low pressure, or over- 
rate liigli pressure — is inclined to date the era of the steam- 
engine from this invention.' In the establishment of tlio 
loramotive, in the development of the powers of the Cornish 
engine, and in increasing the capabilities of tlie marine engine, 
there can be no doubt that Tievil hick's esertiona have given a 
far wider range to tlie dominion of the steam-engine than even 
the greai and masterly improvemeuts of James Watt effected 
in his day." 

William West, in his disappointment at cot being 
made rich by his share in the patent, ijecame a clock 
and watch maker, and produced the best timekeepers in 
Cornwall, ealle<-i West's chronometers; but he failed to 
comprehend Trevithick 'a account-keeping, 

■*> Slli, " St. Ivm, 7th September, 1815. 

" Your ill-tempered letter I received, and think you 

conclnde on very threatening terms. Now, air, in tlie tirst 

instance, what right have you to make me debtor to you for 

40/. received of Wood and Murray ? I bold a copy of your 

' ' Historiwiland Descriptive Ante- I 1847 ; ' Kailway Prejudices and Kftil- 
dotea of the Wleam-Engine.' by K. iisy Progress,' by Hyde ClHrkf, Esq, 
"^"Tirt ; ' Railway ftpginter,' Fpbriwry, I 
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nnswer to tliein, saying you held no share in tb^ patent at t]i«t 
time when they wrote to yon res[)ecting the engine, bnt recoid- 
mended them to W, West, whom yoa sold a share to, saying 
Wm. West would license to ereit engines on the patent. And 
as to Henry Vivian's cliarge, I shall not adhere to. I am fully 
Katiflfied that Mr. liabey paid his time and demand while em- 
ployed about his engine ; the 78^. is double as much as he onght 
to hare for what he performed. The part of patent money yon 
allude to, received from Mr. Babey, I suppose is settled in onr 
patent accounts, as I never received a single sixpence from the 
patent before that from Afessrs. Wo(xi and ilurray ; then I 
made a present of 11. to your children, because you refused 
making a chaige for the drawing sent to Leeds, so I beg to 
remind you, in a comparative sense, you have heretofore been, 
like the caterpillais on the isLmil of St. Helena, eiiting up the 
product of industrious labour; bnt as time has set free yonr 
demands of blunders from the command of law, I will guarantee 
to come forward, nndor bonds of word, to leave our account to 
arbitration, you appointing one and I appointing the other, 
whenever you like; and if I owe you any balance, I'll pay yon. 
let it distress me as it may. Certainly it must dintreas mv 
mind to think of paying for your blunder*. Though I have no 
20,000/., I am not afraid to meet you, and if I have no thousand^ 
I have no hundreds demanded on equal accounts, so I conclnd« 
in peace, and hope you'll be reconiile<I the same as an honest 



" Your humble, 

■ W-- Wi 



Dmpr^^n 



The result to the active agents of this most compre- 
hensive patent of 1802, milking practical the high-pres- 
sure steam-engine and the locomotive, was vears of 
labour without reward, annoyance and dread from ill- 
defined patent laws, and ill-will and loss of friendship 
hetween all the members, whose early acquaintance had 
led to mutual respect and esteem. 
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CHAPTER XI. 



HIQH-PReaaDHE STEiM-DKEDGER. 

Toe late Mrs. Trevithick said that her huebaod was 
good-tempered, and never gave trouble in home affairs, 
satisfied with the most simple bed and board, and always 
busy with prnctical designs and experiments from early 
morning until bed-time. He sometimes gossiped with 
his family on the immense advantages to spring from 
his high-pressure steam-engines, and the riches and 
honours that would be heaped on him and his children, 

I but thonght. little or nothing of his wife's intimations 
that she barely had the means of providing tlte daily 
necessaries of life.' 
Captain John Vivian, at tiie period of steering the 
London common road locomotive in 1803, "saw Trevi- 
thick breaking the rock at the I']a«f. India Dock entrance 
to the Thames at Blackwall ; using a water-wheel 
, worked by the tide, and also a small liigh-pressure 
■ engine for driving or turning large chisels and borers, 
land other contrivances for breaking and clearing away 
Ltiie rock to increase the depth of water." ' 

A little more than thirty years ago, the writer lodged 
■in the house of a Mr, and Mrs. Bendy, at Slough, who 
ik an especial interest in his comfort, because he was 
; son of the inventor of the steam-dredger and the 
xjomotive. 
Mr. Bendy had worked on the first steam-dredger. 



' Spc Trevithick's letter, May 2iid, 1803, clmp. i 
' RiflWmpnt by Cnptain .Inhn Vivian in IHiifi re 
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and thought thiit Mr. Trevitliick was unkindly and 
unfairly treated, for the machinery was complicated, 
and when anything had gone wrong he perhaps spoke 
sharply to those ahout him. The ballast-men on llie 
Thames did everything they could to prevent the use 
of the steam-dredger ; and thertj were other more secret 
enemies, who offered Mr. Bendy a bribe to so fix the 
particular work in his charge as to cause a breakage. 

Things went very well for several days after the first 
putting to work of the steam-engine dredger, and then 
there was a breakage, caused by a nut jammed in the 
cog-wheels : many believed it was purposely done. 

The following letter was written twelve years after 
those conversations : — 

" Dear Mr. Trevituick, " -A"!™- 8W, isto. 

"I will fiimtsh you with all tlie particulars T recollect 
respecting the dredger-engine and machiuery made by your 
father for Mr, Bougli. It was fixed in tho year 1803, and wm 
altered by Mr. Deverill (the patentee of the doable engine) in 
the year 1805. The cylinder was 14J imhea in diani'.'ter, tlio 
stroke 4 feet, the chain-ladder 28 or 30 fet-t. The largest 
quantity of stone and gravel lifted in one tide was 180 tons. 
The reason for using the word stone is from its being part of 
filackwall rock. The engine was cttst at Hitzeldioe's at Bridge- 
north, but finished at Mr. Rowleys factory in London, by eomc 
men from Cornwall, and a part of the machinery by Jackson, a 
Scotch millwright. The working time between tides was from 
six to eight hours, in from 14 to 18 feet of water, at the en- 
trance of the East India I'ock, The expense of the engine 
and macliiuery, ti little more thnn 2U00A I should think itie 
time she worked was about ten or eleven years. 

" The other engine you mentioned was the property of itie 
Trinity t'ompany and Government, bnt by whom made 1 cannot 
ascertain. It was worked in the river, upur A\"oolwich entrance 
dock-gates, but not to much account, only lifting mud to clear 
the cutruiice. Xo new niateriuls wfvc takoii there hv Mr, 
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Devei'ill ; ull timt was done was to rofix the old, and repair 
the eogine. Tliig eugine wns thp same size as that Used in 
London to run round the circle, at the speed of fourteen or 
fifteen railes per hour, commonly called locomotive engine. 
" Yours truly, 

"T. Bendt." 

Trevithick liaviiig seen his engine iidving and dredg- 
ing on the Thames in 1803, went to Wales to super- 
intend the tramroad-engine of 1804, then to Newcasfle- 
on-Tyne with the railroad-engine, and in the early part 
of 1805 he was again with the steam-<lvedger and rock 
hreaking at Blackwall.' 

Mr. Bendy says 180 tona of stone and gravel from 
the Blackwall rock were raised in a tide of six or eight 
hours, from a depth of li or 18 feet. 

This rock breaking and dredging in deep water was 
a severe test for a new invention ; and the Trinity Board, 
seeing its usefulness, engaged with Trevithick to erect 
and work steam-dredgers in other parts of the river. 

In February, 1806,^ he was about entering into an 
engagement for twenty -one years with the Trinity 
Board to lift ballast from the Ixittom of the Thames, at 
the rate of .')00,000 tons a year, for a payment of six- 
pence a ton. Dredging h;id been done by liand for 
about eightpence a ton ; but the required quantity could 
not be raised by men working small dredge-bags at- 
tached to long poles.^ 

In May, 1806, his partner in the patent wrote : — " I 
am very happy to find that you have so far continued 
your agreement with the Trinity gents. I think the 
bargain is a good one ; must still beg leave tn remind 

' fwc Andrew Viviso'a letter, 22nd May, 1805, chap, x, 
' See Trcvithick'B letter, Ftibniary I8tb, ISOfi, ch»p. xviii. 
' See Trcvithifk's letter, Mareh 4th, IWNl. t-hnp. xviil. 
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you not to proceed to show what your engine will do, I 
(lie agrtement is fully drawn up and regidarly signe*!"^ 

In July, ISOfi, Trevithick wrote :—" This day I i 
the engine to work on board the 'Blazer,' gTin-brig. It 
does its work exceedingly well. We are yet in dock, 
and lift up mud only. I hope to be down at Barking 
shaft in a few days, at our proposed station, when I 
will write to you again. I think there is no doubt of 
succeflfi."' An account-book in Trevithick's writing, 
headed " Expenses on the ballast machine from 1805 to 
1807," shows that those ballastrdredging engines, like 
the earlier dredging engine at the Blackwall rock, came 
from tlie Bridgenorth Foundry, and many of the me- 
chanics erecting it came from Cornwall. One of the 
engines was fixed in the ' Blazer,' the other in the 
' Plymouth Barge.' 

Watt honoured Trevithick with a visit to inspect the 
Bteam-dredgers, having been introduced by Mr. John 
Rennie, of whom Smiles wrote: — "What is called the 
Humber Dock was begun in 1803 and finished in 1809. 
It was in the course of executing the Hull Harbour 
Docks that Mr. Rennie Invented the dredging machine 
as it is now used. Mr. Rennie carefully investigated 
all that had previously been attempted in this direction, 
and then proceeded to plan and construct a complete 
dredging machine, with improved cast-iron machinery, 
to which be yoked the power of the steam-engine."' 

Renuie's investigation prior to invention probi 
refers to what be saw Trevithick doing, whose dri 
is unmistakably described and delineated by 
though ihe inventor's name is omitted. 



' See Vivian's letter, Maj- 30lh, 1800, chap. sviiL 
■ See Trerithlck'a letter, July 23rd, 1»06, chap, x 
' ' Livm of the Enginwrs,' hj Smiles, vo). ii. 
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"The convicts at Woolwich upon the Thames perform the 
ballast heaving, or dredging, which they are condemned to 
labour at as a pimiehment : the above method of manual htbour 
became so exi)ensive, that a large madiiue, worked by horses 
or a Bteam-engine, is usually employed. Two such luaehines 
have deen some time in nee in the river Thames. It is erei'ted 
iu the hulk of a dismasted ship. Plate VIII. :— A A, Fig. 1, is 
a frame of timber bolted to the starboard gunwale, to support a 
large horizontal beam, BB, Fig. 2; another similar frame ia 
fixed up in the middle of the ship at D, Fig. 2, and the end of 
the beam is sustained by (in upright post bolted to the opposite 
gunwale; the starboard end of the beam projects over the 
vessel'fl side, and has an iron bracket, S, fastened to it, to 
support one of the bearings for the long frame, E E, composed 
of four timbers bolted together ; the other eud of the frame is 
suspended by pulleys, aa; from a beam, F, fixed across the 
stem, tlie upper ends of the outside beams of tl]e frame, E E, 
have each a stout iron bolted to them, which are perforated 
with two large holes to receive two short cast-iron tubes; one 
fastened to the iron bracket, S, at the end of the beam, B^ and 
the other to a cross beam of the frame, A. These tubes act 
on the pivots of the frame, E, upon which it can be raised or 
lowered by the pulleys, a a; they also contain bearings, for an 
iron axis, on which a wheel or trimdle, 0, is tixed, containing 
four rounds. Another similar trundle, P, is placed at the 
bottom of the frame E E ; and two eudless chains, k h, pass 
round both, as is seen in the plaD, Between every other link 
of the two chains, a bucket of plate-iron, bbh.is fastened, and 
as the chain runs round, the buckets bring up the soil ; a 
number of cast-iron rollers, dd, are placed between the beams 
of the frame to support the chain and buckets aa they roll up. 
Four rollers, e e, are also placed on each of the outside beams, 
to keep the chains in their places on the frame, that they may 
not get off to one side. Tlio motion is conveyed to the chains 
by means of a cast-iron wheel at G in the plan, wedged on 
the end of tlie axis of the upper tnuidle, 0. The wheel is 
cast hollow, like a very short cylinder, and has several screws 
lapped through its rim, pointing to the centre, and pressing 

B 2 
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upftt the wi-nmrerence uf anutlier wbpel enclosed within 
hollow of the first, that it may slip round in the other when 
ADj power greater ihnn the friction of the screw is applied 
the internal wheel is wedged on the same shaft with 
cogwheel, /. turned by the small cog->vheel, ff, on the 
tie steam-engine, 

" Th« steun-engine » one of that kind called high pre^ure, 
w(»king by the expsndre force of the steam only, without 
coodeaiatioii. h t$ the boiler containing the fire-place and 
cylinder within it ; (is one of the connecting rods ; and 
(be fir-wheel ixt the other end of the same shaft as 
wheel J. 

"Tbe pulleys, a. wbicti saspend the chain-frame are reevi 
with aa iron chain, the tackle-fall of which passes down throngh 
th« sh^'s deck, and is cot'led on a roller, as in the plan, and 
reptvaeutod by a cirrle in the elevation ; on the end of the 
roller is • cog^wbeel, p, tmned by the engine-wheel, g; the 
bmring of this wheel is fixed upon a lever, one end of which 
rones near that part of the eteam-engine where the cock 
vliiah re^olates the velocity of the engine is placed ; so that 
one But can commaad both lever and cock, and by depressing 
that end of the lever, cftu^ the wheel p to gear with g, and, 
enoaeqiMBtly. be turned thereby, and wind op the chain of the 
pulleys; y ia » strong carved iron bar bolted to the Tessel's 
»d« and gunwale, passing throngh an eye bolted to the frame, 
E, to keep the fiame to the VB^sel's aide, that the tide or other 
accident may sot cany it away. 

" A large hopper or trough is suspended beneath the wheel, o, 
by n^ws from the beam, B, into which the backets, bbh, empty 
the ballast they bring from the bottom ; the hopper conveys it 
into a barge bronght beneath it. This hopper is not shown, os 
it would t'^ud to coufnae parts already not very distinct. The 
motion of the whole machine is regulated by one man. 

" The vessel being moorwl fast, the engine is starteti, and 
turns the chain of backets; the engine tender now puts his 
foot u['on a leviT, disengages the wheel p from g; and by 
another takes off a gripe which embraced the roller m. This 
aJlows the end. E, of the frame to descend, nntil the buekelii 
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on the lower half of the cliaiu drag ou tfie groiitul, us mLowii 
in Fig. 1, when lie Htojjs the further descent by t!ie gripe. The 
buckets are filled in successiou at the lower end of the frame, 
and brought np to the top, where they deliver their conteuts 
iuto tJie hopper before mentioned; as tliey take away the 
ballast from the bottom, the engine tender lets the frame E 
down lower by means of the gripe-lever, and keeps it at such a 
height that the buckets come up nearly full. If at any time 
the buckets get such deep hold as to endanger the breaking of 
the chain or stopping the engine, the coupling box at C, before 
described, siiSers the steam-engine to turn without nboving the 
ehain of buckets, and the engine tender pressing bis foot upon 
the lever which brings the wheel p to gear with g, causes the 
roller m to be turned by the engine, and raise up the frame E, 
u ntil the buckets fake into the ground the proper depth, that the 
friction of the coupling box at C will turn the chain without 
slipping in any considerable degree. 

"The steam-engine is of six horses' power, and is so expe- 
ditious that it Iliads a suiall bargs with ballast in an hour and a 
half."' 



Trevithick's expeditions steam-dredging engine was 
*"of that kind called high preasiire, working by the 
expansive force of the steam onlv, without condens- 
ation," very like Mr. Wilson's description of the New- 
caetle locomotive engine, for in principle if not in 
outline the two engines were alike. 

If Rennie commenced his dock operations in 1803 
Trevithick was then breaking and clearing the rock 
from the dock entrance tJD the Thames at Blackwall, 
when Captain John Vivian gave his spare days to ride 
oil the London common road locomotive, and to the 
works at the dredger. In 1805, while the dredger was 
still going on,* Rennie's report to the directors of 
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the Thames Driftway was put aside, and Trevithick 
was appointed as the engineer;' in 180G the dredgers 
were in full operation, or the Trinity Board would not 
have proposed a contract for a term of years; and in 
1807 he was still in daily attendance on the dredging 
schemes :^ thus for sevei-al years, during the most in- 
ventive and active period of bis life, did he give his 
time to the perfecting the steam-dredger. 

This machine is memorable as the first steam-dredger, 
and also as leading to the locomotive of 1808 ; and, like 
many other of Trevithick's practical inventions, was 
near perfection at hirth. Hundreds of steam-dredgers 
are now at work throughout the civilized world, and 
although their construction has occupied the time and 
knowledge of numerous practical engineers during a 
period of more than sixty years, yet this first produc- 
tion is the type of them all. 

, The small and compact high-preasure steam-puffer 
engine was placed in a wooden house ; a main shaft 
extending over the side of the boat gave motion to an 
endless chain of dredgiiig buckets kept in the required 
position by a long wooden frame, liaving a roller or 
guide-wheel at its lower end, round which the r&- 
volving chain of buckets passed, and this end of the 
frame was raised or lowered at will, causing the lower 
sweep of tlie chain of buckets to press with greater or 
less weight into tlie bed of the river, and thus cause the 
buckets to raise a greater or less quantity of mud or 
gravel. The chain and loaded buckets in going up the 
incline formed by the wood frame passed over rollers 
in order to lessen the friction ; on passing the top of 
the incline the buckets tnrned short round over a guide- 

' Ilepcjrt of dirtolors ol' the Tlianies Driftway, Jiiiit 1805, cbap. xii. 
' Ste Trevilbick's letter, August 11th, 1807, chaii. xii. 
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wheel, similar 1o that at tlie bottom of the frame, with 
their bottoms upwarils, causing their contents to fall 
into a barge or guide kiindcr aa was most convenient 
for the disposal of the ballast. The wheel giving 
motion to the bucket-chain was not wedged fast to the 
driving axle, but was bored to fit loosely on the turned 
part of tlie axle, or rather on a turned cylinder fixed 
firmly on the driving axle. Tightening screws in the 
bucket-wheel with their inner ends pressing on the 
cylindrical driving axle formed a friction hand, and 
should the buckets have come in contact with an un- 
usual obstruction, allowed the driving axle to revolve 
while the obstructed bucket-wheel remained stationary. 

Another safeguard was provided by the rope from 
the blocks supporting the lower end of the bucket- 
frame being connected with the engine, enabling the 
engineman without moving from his station at the 
engine to raise or lower the bucket-frame by putting 
his foot on a lever. " The steam-engine was one of 
that kind called high pressure, working by the expan- 
sive force of the steam only." "It is of six horses' 
power, and is so expeditious that it loads a small barge 
with ballast in an hour and a half." The steam-engine 
and dredging machine were so admirably arranged 
that " one man can command both lever and cock for 
regulating either the niacliine or the steam-engine." 
The feed-pump was worked with a lever, giving a 
shorter stroke to the feed-pole. The position of the 
engine is seen in the drawing of the dredger boat; 
the detail of the engine is in chap, ix., that it may 
illustrate the progress of locomotion, for similar engines 
served both purposes. 

A letter by Trevithick, years after the event, cor- 
roborates the work done by those dredgers. 
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" yiR, '■ (ambornr, Wt Ftbruari/, IS13.' 

■' I have your favour of the 2ad inat. respecting an engine 
for lifting mud from tlie bottom of Falmouth Harbour. 

" I made tliree engines with machinery for lifting mud at the 
entrance of the East and West India Docks, and also for 
deeprining the water at the men-of-war's mooring ground at 
Woolwich. One of tlieae engines was a 20-horse power, erected 
on an old bomb-ship of about SOU tons burthen, which machine 
cost (exclusive of the ship) about 1600^. 

" This engine would lift and put into barges near 100 tons of 
mud per hour. Another engine of lO-liorse power 1 eret-ted on 
board an old gun-brig of about 120 tons burthen, which cost 
(exclusive of the vessel) about 1000?., which lifted atwnt Irnlf 
the quantity of the large one ; and another engine of 10-horse 
power I erected on board a barge of about 8U tons burthen. 

" Unless the mul will pny for bringing bn shore for manUK, 
I should think that a better plan than this might be ado]ttcd lo 
clean the harbour. 

'■ I i-emain, Su-, 

■' Yonr very humble servunl, 

"KicHU. TiicvnuKK. 

"John Gould, Juu., Eai., Fmryn." 

The first steaiii -dredger at Blackwall succeeded, or 
two othens would not have been constrncted. One 
dredger with the 20-horae-power engine lifted and placed 
in barges near 100 tons of mud per hour, making good 
his promise as to quantity, Otliers were used to deepen 
the entrance to the East and West India Docks, and 
also at the man-of-war's mooring ground at Woolwich, 
in such deep water as fully proved the correctness of 
their design. 

The three engines and dredgers, exclusive of the 
vessels, cost 3600/., a less sum tlian such machines 
would now be made for. 
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THAMES DRIFTWAT. 



When Trevithick was dredging in tlie Tliames, the 
Thames Archway Company were anxiously seeking 
new plans and a new engineer; not being satisfied 
with the proposals ot Mr. Reniiie and Mr. Chapman 
they sought out Trevithick, who KOon found himself in 
a position most trying, and unsuitable to his energetic 
temperament. 

■' At 'hu animal mcGtiug of the pro|)rit!tor3 on the 4th of May, 
1808, the Jiret'tors refer to their second meeting in June, 1805 : 
' That it appears to this meeting that the well constructing the 
driftway is of the highest importance in the future progress of the 
works, involving in it the success or failure of the undertaking. 

" ' That, therefore, the works relating to the driftway be sub- 
jit^nded until the opinion of a professional man of eminence be 
taken on tlie various matters respecting it.' 

" Mr. Rennie and Mr. Chapman were accordingly consulted ; 
but as their opinions did not coincide, nor indeed were stated 
upon all the points on which the directors chiefly wished for 
information, they felt themselves bound to resort to some other 
source ; and Mr. Trevithick was introduced to them by their 
resident engineer, Mr. Robert Vazie, as a person skilled in 
mining. After a due examination into his character, as api)ears 
by the minutes of the directors, antl having received the 
strongest tostiraoniea in his favour from several quarters as to 
his skill, ingennity, and experience, the directors were induced 
to contract with him for superinteniling and directing the 
execution of the driftway, such as he proposed it to be ; for 
which they agreed to pay him 1000?,, iirovided he succcetlcd in 
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carrying it through to the north shore ; or 500/. if the iJirMiton 
ordered it to be discontinued in the middle, which they reserred 
to theiDBelves the power of doing ; bnt to receive nulhing in 
case be did not succeed. 

"The driftway was accordingly commenced on the ITth of 
August. 

" On the 5th of September following Messrs. Vuzie and 
Trevithick, in a joint report to the directors, strongly recoiu- 
mended the immediate purchase of a SO-horse-power steau- 
eugine. The directors did accordingly purchase the same, ami 
it is now ready to work. The driftway proceeded till aboQt the 
beginning of October, when it appeared that the works had 
been very considerably intermpted and delayed in their progress. 
The directors therefore, on the 8th October, resolved to institute 
an inquiry into the cause ; and the consequence of this investi- 
gation and disclosure of facts was the removal of Mr. Robert 
Vazie from his office as resident engineer, on the 19th Oetoher, 
by which time the drift had been extended 394 feet, that is, at 
the rate of 6 feet 2 inches per day, through a dry sand. 

" The works now proceeded without embarrassment, and with 
considerable loss cost ; as from this time (the 19tb October) to 
the 2Elth November, the ground continuing as nearly as possible 
of the same quabty, it was extended 421 feet, or 11 feet 2 inehea 
per day, which is nearly a double rate (deducting three days 
and a quarter tliat the works were suspended wliile the directors 
determined on the Im-n the drift should take). 

" From the 29th November to the 19th December the drift 
was extended only 138 feet, or 6 feet 10 inches per day, ui con- 
sequence of the drift now running in a stratum of rock, great 
jiart of which was so hard that it coidd not be broken up » ithout 
the use of chisels and wedges, 

" By the 2l8t December the drift had proceeded 94T feet from 
the shaft ; and it was observed that the strata through which it 
passed dipped to the northward about 1 foot in 50, in conse- 
quence of which the rock that at one time formed the whole face 
of the breast, now only reached within 2 feet of the top, and 
which was occupied by a sandy clay, mixed with oyster and 
other shells, and coutaiuing some water. 
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" On the 23rd, notwitbstandiug the workmen were proceeding 
with the utmost precaution, the roof broke down and iliscbarged 
a great quantity of water from a cjuii'ksand, which was afterwards 
ascertained to be about 5 feet 6 inches above the roof. 

" By the 2(ith January the drift was extended 1028 feet, 
having been worked through a considerable part of the quick- 
sand ; aiid at this period the river mode its way into the drift 
hy a fall of earth, which made a considerable orifice in the bed 
of the river, which has been fiUud up at several times with 
earth, carried there for that purpose, and the drift has since 
then been extended to 104U feet, which is the present length 

of it. 

" Resolved, that the money paid or claimed by the engineers, 
Mr. Renuie, Mr. Wilcox, Messrs, Stobart and Buddie, Mr, 
Thomas Cartwright, Mr. James Barnes, and Mr. William Chap- 
man, whom the directors have consult^ with as to the prosecu- 
tion of the works, be allowed. 

"llesolved, tliat Mr. Richard Trevithick bo, and Ls hereby 
appointed engineer to the said company, and be directed to 
proceed forlhwith with the works." 

At the 6econd meeting of the proprietors in 1805 
differences had arisen lietweenthe directors and their 
engineer, Mr. Robert Vazie, on tlie method of con- 
structing the driftway". Mr, Rennie and Mr. Chap- 
man were called in to advise a plan for the guidance of 
the directors. Their advice was not approved of, and 
ftfter much delay Mr. Vazie introduced to their notice 
Mr. Trevithick as a skilful minor and engineer. This 
was about the middle of 1807. On the lOth August, 
1807, the directors engaged with him to make the pro- 
posed driftway from the south shore of the Tliames, at 
Rotherliithe, to half-way across the river, from which 

I central point it waa contemplated to commence forming 
the permanent tunnel, of the size to be tlien deter- 
mined, either for foot-paHsengers alone, or if the nature 
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of tlie Work gave promise of success, to enlarge it saffi- 
cieotly for the paastge of carriages. 



" Mr. Giddy, 



*■ I^iMEROcsii, Aiij/iat lUh, llWi. 



" Sir, — Last Monday 1 cltMed with the tuiinel gents. I 
have agreed uitli them to give them adrice, aod crmdact thu 
driving tlic level through to the opposite side (as was prupoeed 
wheu you attended the committee) ; to receive SOC'/. when the 
drift is hall-way through, and SOW. more when it is holed on 
the uppusiie riid(^ I have written to Cornwall for wore mea 
for theiH. It is intended to put three men on eacli core of six 
hours' course. I think this will be making lOUO^. very easily, 
and without any risk of loss on my side. As I must be alwnys 
near the spot, to attend to the engines on the river, an hour's 
attendance every day on the tunnel will be of little or no 
iuconvenJL'nc-e to me. 1 hope nine months will complete ft 
From the recommendation you gave me, tliey are in great hopes 
lliut the job will now be accomplislied; and as far as Captain 
Hodge and myself could judge from the ground in the bottom 
of tlie pit, there is no dotibt of completing it speedily. I am 
very miuh obliged to you for throwing this job in my way, and 
shall strii'tly attend to it, both for our credit as well as for my 
own proKt. 

" I am, Sir, 

" Your very hnmble servant, 

" Rd. Trevithick." 

Witliiii a week of his engagement he had commenced 
the driftwiiy. The sinking of the shaft on tlie south 
shore, from the bottom of wtiich the driftway was to 
commouce, was the extent of progress during the two 
or thi-ee years before Trevithick's appointment. It 
was 68 feet 4 inches in deptli from the siirface ; a woodrai 
platform a slight distance aWve the bottom of the shaft 
served to form a reservoir for the drainage water from 
the <inf>, frum wliich it was pumped to the t>urfaoe by 
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a eteam-piiffer ciiji^iiie. The bottom of the drift was 
even with this platform. In size it was sufficient only 
for the passage of a workman with hiK barrow, being 

5 feet high, 3 feet broad at the bottom, and 2 feet 

6 inches at the top, inside measurements ; the four 
sides were kept in form bv woodwork and strong 
3-inch planking. The working end required great 
care, and frequently the application of close planking 
across the end or face of the work to prevent a sudden 
fall of water and sand. As the drift proceeded the 
increasing quantity of water and earth or sand to be 
raised to the surface led the two engineers, Tazie and 
Trevithick, to make a joint report recommending a 30- 
horse-power steam-engine. Before two months had 
passed, this joint engineering broke down, and Tre- 
vithick was left to carry out his own plans on the 
work, but subject to annoying remarks from without. 

The drift progressed at the rate of or 10 feet 
daily, and in a little over foitr months, or up to the 2l8t 
December, it liad advanced 947 feet, being more than 
three-quarters of the whole distance, and within aliout 
200 feet of high-water mark on the north side. 

■' Mr. Giddy, " l-osoos, An!,„,{ 2Sii., 1807. 

'■ Sir, — Tuesday last wus a week since we Ijpiran to drive 
our level at the bottom of the engine- ah aft at the iirchway. 

" The level is 5 feet high, '.i feet wide at the bottom, and 
2 feet 6 inches wide at the lop, witliin the timbering. 

" The first week we drove 22 feet. This week I liope we 
shall drive and timber 10 fathoms. As soon as the railway is 
laid I ho[}e to make good 12 fathoms a week. The distance 
we have to drive is about 188 fathoms. The ground is sand 
and gravel ; it stands exceedingly well, fxeept when we hole 
into le-areys, and holing into such houses of water makes the 
sand very quick. We have difwovered three of these holes which 
euutuiued about 20 scjunre yards. 



254 



TBAMES DRIFTWAY. 



" It U very strange that such spaces should be in the sand at 
this depth. Wheu we cut into such places we are obliged to 
limlier it up closely until the sand is drained of the water, 
otherwise it would run back and fill the drift anil the shaft 

" I cannot see any obstacle likely to prevent us from carry- 
ing this level across the river in six months. The engme 
throws down a snfSeient quantity of air; and the railway nndeN 
ground will enable us to bring back the stuff, so as to keep the 
level quite clear, and the last fathom will be as speedily driven 
as the first. There is scarcely auy water in the level — not 
above twenty gallons per minute — and not a drop falling from 
the back of the level (the end). Therefore, I think we may 
expect that the land-springs will not trouble us. 

" The spring that came down around the outside of the 
walling of the shaft ia rather increased. The directors are in 
wonderliil spirits, and everything goes on very easily and 
pleasantly. The engines on the river go on as usual, 
" I remain, Sir, 

" Your very humble servant, 

" HiciiD. TrevithicK. 

" Plough Inn, Kidney Stairs, Limrlumtf. 

" P.S. — The 2-inc)i iron air-pipes that were provided l«efore I 
took t)ie work in hand are too small. The smith's bellows has 
nearly two hundredweight on the fop plank, yet at the bottom 
of the shaft it will scarcely blow out a candle. I shall put 
down larger pipes next week." 

It in remarkable that in 1807 Trevithick familiarity 
spoke of a railway in connection with underground 
work, and of supplying minera with pure air by the 
use of the steam-engine, while in 1870 we talk of en- 
forcing the latter by Act of Parliament. 



" Mr. Giddy, " Lo;a>os, Sfplember 12(A, 1807. 

" Sir, — This day I received yours, and am very mui-h 
obliged to you for your attention to my welfare. Lost week we 
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drove and secured in the tuiiiitl 25 yartla, and I see no doubt 
of getting ou in future with the same speetl. We are now 
about ISO feet fi-oni the shaft, and as we approach the river tlie 
ground is better, and the watt-r does not increase ; but to be 
prepared for the worst, it is agreed to have a. 30-horse-power 
engine in readiness, to assist in case of cutting more water than 
the present engine can cope with, 

" The distance from tlie shaft to the spot on the opposite 
shore, where we intend to come up to the day, is about 122U feet. 
This distance I hope to accomplish in a short time, uuless some 
unfavourable circumstance turns up, which at this time there is 
no sign of. Should the ground prove softer we can drive 
horizontal piles ; should tiie water increase we shall have three 
times the irower in reserve as we now occupy. 

" The directors are highly pleased with our present pro- 
ceedings. In consequence of this job I have been called on to 
take tlie direction of a very extensive work, the nature of wiiieh 
1 am not yfit fully informed; but am to meet the party on 
Thursday next for further information, when I sliall communi- 
cate the plan to you for your investigation ; at the same time I 
must beg your pardon for so often troubling you on matters that 
cannot advantage you, and hope you will excuse my freedom, 
being driven to you as a source of information that I cannot be 
furnished with from any other quarter. 

" The engines continue to get on as usual on the river. The 
great engine is not yet at work; but hope it will soon be 
completed. 

" I remain, Sir, 

" Your very humble servant, 

" RiciiD. Tketithick. 

" Plough Inn, Ki'litey Htftirs, Liiwhoin-:'' 

In the midst of hoped-for success, a special meeting 
I -of proprietors was held on the 24th December, 1807, 
I and it was put to the meeting tliat Mr. Trevithick does 
I not possess the confidence of the company, and that tlie 
[ directors lie requested to put an end to all engagements 
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him. The proposal was negatived by 137 voioae 
against 61 ; the directors supporting their engineer. 
The continuance of this opposition (this was the second 
time this question was discussed during the four 
months) not only diverted the attention of the directors 
from the daily consideration of the progress of the 
work, but roused Trevithick's naturally irapetuoua 
action to drive ahead for the other shore. 

The drift had been carried on a level line from the 
shaft until past the middle of the river, to facilitate 
drainage, when it ascended at about the same slope as 
the river-bed towards the northern side, the roof of 
the drift being about 30 feet under the bed of the river. 
The strata passed through from the shore to the middle 
was firm sand and gravel, while for the last 200 feet 
it had been rocky. This strata of rock Iiad been seen 
in the shaft on the south side 7 feet 6 inches thick, and 
was known to dip going north about 1 in 50. While 
the driftway wa-s under it, it helped to keep the water 
out and gave firmness to the ground; hut as going 
north it was deeper below the surface than on the 
south side, and as the driftway had to rise to tlie 
surface within a certain distance from high-water mark 
on the north side, it had of necessity to pass through 
this strata of rock. The rise of the drift was then 
about I in 9. The strata of rock had been cut through 
on the 2lBt December. The (iice or breastwork at the 
end showed that the lower half or bottom of the drift 
was still in rock, while the upper half or roof was In 
treacherous quicksand. 

Then was the time for calm and thoughtful con- 
sideration of evidences in the drift by the directors, 
when a wise word would have averted failure and 
secured siiccesf. Unfortunately llie directors were 
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occupied in preparing to meet the dissatisfied pro- 1 
prietors at tlie special meeting to be held within three I 
days ; the drift followed its doomed course for two ] 
more critical days, when on the 23rd the water and j 
quicksand rushed in, in spite of every precaution ; j 
and the next day, the 24th December, the directors, | 
wlio should have been in quiet consultation at the drift-J 
way, were in noisy dispute with their opponents at the 1 
'George and Vulture' tavern, Cornhill. 

There is no trace of wise retreat under the shelter of 1 
the rock — in which course another 100 feet would have I 
brought them beyond low-water mark on the south shore J 
— except in the drawing made by Trevitliick, show- I 
' ing a test-hole bored through it and strata above, just | 
before reaching the point where the fatal rock was cut I 
through. lie calls it the test-hole, and says, "The sti-a-J 
turn of sand with water showed that the break was the I 
consequence of not boring in time. The boyer hole J 
near the shaft on the south shore, made by Robert! 
Vazie, shows the evil consequence of communicating I 
the two springs." 

From Trevithick's words in his own writing there iaj 
no doubt that lie feared to break thi'ough the rock, and I 
foresaw the rush of sand and water as in the earlier! 
experiment in the shaft. Ilia opponents used this I 
breakdown as an additional reason for his dismissal. 



" Davies Giddy, Esq., " Losijun, Daxmher aoift, I807. 

" Sir, — Your pulitenega in answering my iuquirieB re- J 
8]:ecti«g Mr. TrevilluL-k's engines some lime ago, embuIdenKf 
me to request a further fiivour of you, reluting to that geiit1e«4 
man. Since the directors of the Tlianies Art-liway Company 
contracted with Mr. T. to execute the driftnay, he has hat 
tlie misfortune to incnr the disjilfasure uf a considerable pro 
[iriulor (not n liiivutor), iind who liit'i liiiil iiiHiiem-e eninigli, by I 



258 THAMES DRIFTWAY. 

partial representations iadefatigablr urged, to form a strong 
party against liim, so much so that n special assembly of tiie 
compaoT was eonTenpd by this proprietor and his frienils, for 
the special pnrpose (as it turned up in argrumenl) to throw a 
degrading stigma on Trevithick's character, not only as an 
incompetent miner and engineer, hot a^ a man of integrity : 
and indirectly to censure thedirectors for employing him. A 
resolution was proposed by this gentleman that 5[r. T. does 
not possess the confidence of the company, and that ]ie be dis- 
charged from all his engagements with it. Though the author 
of this proposition was induced by the sense of the company 
to withdraw it, yet his assertions, wliich were very bold and 
Qumerons, and nnsapported by his facts, seemed to retain their 
weight on the minds of his own party, notwithstanding the folly 
and weakness of the proposition ; folly, because Trevithick 
could not iegaUi/ be discharged, and wicked, because if lie could • 
have been, it must have been by a breach of honoar and good 
faith ill the direclors. to the great injury of Mr. Trevithick. 

" Among the assertions of the proprietor alluded to. be 
represented that T. had imposed on the directors by magnifying 
beyond the truth the importance of his engagements in other 
objects, 80 as to induce the directors to believe that they could 
only secure his seri-iees by a bargain extravagantly favonrshle 
to bim, and that all his representations to this effect were false 
in fact. Although the directors declared that these circnm- 
stances bad no infiuence on tlieir minds in making their contract 
with T,, which they considered fair and reasonable, and do still, 
yet it seems highly desirable now. to the vindication of Mr, T.'s 
moral eharai^ter, so grossly attacked, that some evidence be 
adduced at a future opportunity of the existence of some of 
those engagements which Mr. T. did certainly mention ; and aa 
I think you stated to the directors your knowledge or belief in 
some of them, it would be highly pleasing to me, and I believe 
to every other director, if you would take the trouble of 
informing me what you know or recollect about them. 

"It was said that he had represented himi^elf to have large 
concerns or engagements in Cornwall, or in the neighbourhood 
of Bristol, an engagement with the Trinity House for raising 
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ballast, and an offer of some enjfagement of importance witli a. 
Mr. Trotter. It was roundly asserted by the said proprietor 
that Trevithiek had no foundation whatever for these repre- 
eentationa. Speaking of him as an engineer, he treated hira in 
the most degrading terms, and as a miner, a very quack. 

" Notwithstanding the directors have had no reason in any 
instance whatever to change the very favourable opinion tliey 
formed of him, at your recommendation, yet, sir, it would ha 
eminently satisfactory to tliem to be able to refute, hy such 
respectable evidence as yours, at some future period, those base 
calumnies attempted to be cast upon him — certainly in no respect 
justified by his conduct ; and as I recollect you spoke of Ijim in 
very flattering terms as a miner and engineer of great skill and 
experience, and as a man of great integrity, I venture to hope 
that you will indulge mo with yoar candid opinion of hira on all 
tliese poiiit*!, as well for the sake of my own and co-directors 
satisfaction, as for doing justice to a man against whom a very 
illiberal attack lias been made, and which if not refuted may 
very sensibly affect his future comfort. 

" I have the hononr to be, Sir, 

" Your very obedient servant, 

" John Wyatt. 

" P.S. — The particulars of the ohservationa made at the 
meeting on Mr. T. are not known to him, nor is he acquainted 
with this letter to you ; but he has informed me that 
Mr, Robert Vazie once addressed a letter to you respecting 
him, and of your favourable answer. If you will bavo the 
goodness to favour me with copies of these, they may be used 
very advantageously in favour of Trevithiek." 

Mr. Wyatt was one of the few appreciative men that 
now and then crossed Trevithiek 's troubled path. 

" Mr. Giddy, " Thameh Abchwat, Janaarn 5th, 1808. 

" Bir, — About ten days since I received your letter, 
which was wrongly directed, ond did not come to me in due 
course. I have sold the ballast business to a comptiny, tvhich is 
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carrying it on. I eliould have written to you on the receipt of 
your letter; but at the time it arrived we were in a quicisanJ, 
anil I wished to get througli it hofore writing. The drift is 
driven 952 feet from the shaft, and is about 140 feet from 
high-water mark on tlie north side of the river, and hope to l>e 
through in a fortnight. Some weeks we drove 20 fetlioms; 
but for fifteen or twenty daj'a before we met the quicksand we 
had a very hard lime rock, which much impeded ua. Dnring 
the last fortnight scarcely Anything has been done in the end 
on account of the quicksand ; but now wo are again in a strong 
clay gi-ound, and getting on quickly. The drift is 72 feet 
below high-water mark. When we commenced to drive from 
the shaft it was a firm green sand ; soon a bed of gravel of abont 
8 inches thick cnme down from the back. As we drove north 
we found all the strata dip about 1 foot in 50. On the lop 
of the gravel there ip about 3 feet of clay, then a limestone 
rock (made from water) about 5 feet thick. It is evident ihnt 
this is a made rock, because the green sand that we began to 
drive in is several feet under the rock, and there is a huge 
quantity of branches of trees in it turned into stone. On the 
top of the rock there is a proper bed of oysters, mud and 
oysters about 2J feet thick. Above this is about 5 feet of clay 
mixed with sand ; above that ia the quicksand of 2^ feet thick; 
and above that is a strong dry clay, which we suppose holds up 
to the bottom of the river, which is about 20 feet. We bored 
on the north side, and found this quicksand was above the back 
of the drift, and a great quantity of water in it. 

'• I proposed to bore up ia the back of the drift, to tap it and 
let down the water gently through an iron \npe, but I could not 
be iJermitted, 

" In course of working in the drift the water and quicksand 
broke down in the back of the drift, drowned the engine, and 
threw a gieat quantity of sand down into the drift. This sand 
is nearly as fine as flour, and when in water is exceedingly 
quick. We had the good fortune to stop up the drift tight 
with timber before the water got up to [irevent us, and we have 
draineil the sand, so that the engine ia again complete master 
of it. I ha<l a madiine made to drive very long flat iron bars 
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close lip to the back of the drift, through the at^ipping boards 
in the end; and then cleared out the drift under them, and 
timbered very closely under the bars. By driving a great 
oiimber of bars of iron I again reached the end of the drift, 
whiL'li is now again in good course for dri^■iDg. After we had 
stopped the end of the drift to prevent the quicksand from 
coming back, I bored 14 feet up in the back of the level, and 
forced up a 2-inch iron pipe above the quicksunil, which pre- 
vented tlie quicksand from coming away with the water, and 
also took off the weiy;lit or pressure of water from the breaking 
ground in the back of the drift. 

" It was strongly proposed by one of the proprietors (when 
the drift was half-way in) to open out from that place the tunnel 
to 16 feet high and 16 feet wide. I refused to do it. knowing 
that this water and quicksand was over onr head, an<l that ns 
soon as we began to incline the bottom of tlie drift up toward 
the surface on the north side we should he into it. It was with 
the greatest difficulty that we could stop it in the drift, only 
2i feet wide and 5 feet Iiigh. 

' Had we openeil the tunnel to the full size, every man that 
might have been underground at the time must have been lost, 
and the river through into the tunnel in ten minutes, for the 
water would have brought the 2J-fcet stratum of quicksaud into 
the tunnel, and then the clay roof would have sunk ander the 
eight of the river; for it would have been impossible to stop it 
fer a space IG feet high and 16 feet wide; the engine would 
have been drowned in one minute, and the sand would have 
constantly come away until the roof fell through into the drift. 
" This proprietor has been very much exasjierated against me 
ever since, because I would not open out the tunnel from tlie 
middle of the drift up to the full size. This gent was never in a 
mme in his life, neither does he know anything about it. Ho 
called a general meeting to discharge me, but he was taken 
no notice of, and the tiianks of the meeting given to me for my 
good conduct, and his friend Mr. Vazie discharged. They have 
ofiered me 1250/. more for my attendance, to open the drift up 
to the full size of the tuunel,-and wish me to engage with them 
immediately, before the first contract expires. 
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*' The quicksand wlien drained is very hard, and after the 
drift IB through the ground it will be so completely drained tliat 
I cannot see any risk in opening to the full size. 

" When you come to town I shall have several things tu Iny 
before you, and shall bo very much obliged to you to say when 
you expect to be here. 

" I am. Sir, 

" Your humble servant, 

" RiCHD. Trevithick." 

In Tievithick's time geology had not become a 
familiar study, and probably he had never read a page 
on the subject : yet his reasoning is simple and logical ; 
for the infiltrated limestone rock, " made from water," 
resting on a strata having in it branches of trees, was 
a proof that it was not an original limestone rock. 

The propriety of forcing an iron pipe from the roof 
of the drift up into the top of the bed of quicksand for 
the purpose of drawing off the water was evidently a 
much-disputed point, and was carried against Trevithick, 
though after the water had forced its way into the drift 
his drain-pipe was approved of, and was used by him 
and others ; but the strata had then liecome broken, and 
the pipe less eftective than it might have been at an 
earlier period. Trevithick has been called an obstinate 
man because of his improper use of this drain-pipe, but 
this letter proves quite the coutrary, for it shows that 
he obeyed orders, and without a tinge of recrimination. 

By a continuous working of the extra pumping 
engine which he had provided at the shaft in case of 
such an emergency, the water and saud were so far 
cleared out of the drift that men could go in. How 
were the numerous inpours of water and sand through 
every crevice to he stopped? 'The timbering at the top 
of the end was ihe most leaky ; but in the cramped 
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"Width of 2i feet it was impossible to remove and 
replace timbers witb celerity. Iron plates were there- 
fore driven thi'ouy;h the stopping baards, close to the 
roof, in the end of the drift, into the disturbed strata, 
forming a roof of iron. This enabled the wood end to 
be moved, and to be advanced without briuping down 
the roof. Unfortimatfllj the machine invented and 
made for driving those bars is not described. 

He was also right in declining to undertake to 
enlarge tbc drift when half-way through, as proved 
by the great difficulty afterwards experienced by Mr, 

I Brunei in driving the larger tunnel. Tbe object was to 

' perfect the drift that it should serve as a drain to free 
the larger tunnel from water during its construction, as 
well as a means of know- 

I ing the strata. 

By the 2Gth January, 

I 1808, in a month's work 

I since leaving the rock 

L strata, they had only ad- 

I vanced 81 teet when tlie 

L water and sand again 

I rushed in in such in- 

L creased quantities through 

I the openings for advanc- 

r ing the end or breast- 

I work, that the workmen 

[could ilo longer resist it, 

l-ftnd with difficiilty reached 

Ithe shaft, with but just 

I sufficient space for breatli- 

I ing room between the sur- 

liace of tbe rising water and the roof of the drift. 

LTrevittiick was one of tbe lot; and aa the water filled 
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the drift and rose in the shaft, the miners floated 
with it until rescued, Mrs. Trevithick spoke of her 
husband coming home through the streets without hat 
or shoes, half drowned, and covered with clay and dirt, 
but not discouriiged hy this first really serious break- 
down, the drift being 1028 feet in length. The drift- 
way and shaft were 611ed with water and sand, and the 
bed of the river, 30 feet alxive it, sank into a dish form 
over the hole, from the quantity of sand carried by tlie 
rushing water into the drift; causing the thick strata of 
clay forming -the beil of the river to sink more and 
more. A crack or hole through this clay would be 
fatal, therefore more- clay was thrown into the river, 
to fill the hollow and prevent if possible any communi- 
cation between the water and the beds of quicksand 
surrounding the drift. A large canvas sheet loaded 
with clay, and liags filled with clay, were also thrown 
on to the river-bed. 

The following shows that even then he was sanguine 
of success :— 

" Mr. Giddy, "Thambb Archway, Ftbruary 2iifl, 1306. 

" Sir, — I hiivD been for soino time expecting a note from 
you, of your arrival, whicli is tlie reason for not Laving written 
to yon long since. I am gtad to find that both you and the oltl 
gentltmun enjoy good health. I i>iijoy the same ; bnt have a 
great deal of exercise botli of body and miud about this job 
here. 

" Last week the water broke down on tis from the river, 
through a quieksaud, and filled the whole of the level and shaft 
in ten miuutes. I liave stopped it completely tight, and tho 
miners are at work again. We are beyond low-water mark on 
the north side with the drift ; if we have no further delays we 
shttll hole up to the surface in ten or twelve days. I cannot 
give you as full a description, by the pen, as I wish ; bnt will 
set' you on Friday morning. 
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reday, at twelve o'clock, there will be n meeting of 
. on the spot. If tliey knew you are in town, yoH 
-■*d very hard to attend. If yon can attend I 
[>py to see you on the ajxjt, as I have a great 
■ iLik-afe to you, 
- ao doubt of accomplishing my job. 
" I urn, .Sir, 

" Your humble servant, 

" Kd. Trevithick." 

The (li scon tented proprietors had now a real cause 
for talking, and made sucli a stir aa reaclietl tlio ears of 
tlie Lord M;iyor, who accused the headstrong engineer 
of making a great hole in the hed of the river ; and then 
the tide turned, and he was charged with forming a great 
bank in tlie river. The Lord Mayor laid an embargo 
of pains and penalties on all and every who should 
interfere with the river-bed without hi3 permission ; 
and being dutifully asketl, allowed the engineer to pro- 
ceed. Trevithick struggled on slowly, and, at immi- 
nent risk of health and life, forced the drift forward 
lOnO feet from the shaft, that narrow passage being the 
only means of escape, should any one of the numerous 
bits of planking break away and allow the inrush of 
sand and water. This was enough to prevent ordinary 
men from going on ; and in addition was the impure, 
dull, unchanged air in that wooden drain, in which 
the dim light of a candle that could scarcely be kept 
burning, and the constant diip of water, where the 
workmen could never stand erect, or squeeze past one 
another without difficulty, and could only work one at 
a time in the narrow end, were more than sufficient to 
daunt the most determined. 

Iron pipes were driven through the roof into the 
sand-beds, in the hope of drawing oft" the \vat'-'r; but they 
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became choked with clay, and the slightest opening in 
the planking of the end was followed by a rush of sand 
and water. Only 70 feet remained between the end 
and low-water mark on the opposite or north shore; a 
small barrier which was fated to be impassable. The 
directors stopped all proceedings, and considered what 
should next be done. Trevithick supplied the following 
plan and opinion : the Plate is copied from his oritjinal 
drawing, except that, for want of space, only the part 
bearing on the stoppage is shown. His plan, some 
5 feet long, gives tlie whole length of the work. 

This proposed plan (Plate IX.) for enabling the drift 
to be continued illustrates his genius ; for he had never 
been taught to deal with river-betis, yet principles are 
here introduced which have since been largely applied, 
and spoken of as modern discoveries. 

The day following the date of TrevitJuck's last note 
to Davies Gilbert (then Griddy), another inrush of water 
and sand prevented progress. The drift, 1028 feet 
in length, was through a considerable portion of the 
bed of quicksand, when a fall of earth in the roof 
filled the drift with sand, clay, and water, oiusing a 
sensible orifice in the lied of the river. Trevithick 
persevered, and again draining the drift, forced his 
way forward another 14 feet, making a total length of 
1040 feet. 

The proprietors called a meeting, and desired two 
engineers to examine and report, and also to act, 

Trevithick recommended a wood caisson filled with 
clay, with a wooden shaft through it, to be placed 
over the sunken hollow in the bed of the river, 
the shaft to be cariied down to the roof of the 
drift; another wooden shaft, hooped with iron, Wiis 
also to be sunk through the lied of the livur, a littk- 
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" 2iid. — Do you approve of the methods he has pnrened fin- 
stopping the wftter from the river ? 

" We do approve of the methods Mr. Trevithick has porsaed 
of stopping the water from the river. 

"4tli. — IJo you approve of sinking a shaft, as proposed hjr 
Mr. Trevithick, for securing the ground injured hy the true- 
tare in the bed of the river ; or would you advise any other 
nietliod ? 

"Taking all the circumstaDces into consideration, w© do not 
tliink that any better plan can be adopted for the secnritv of 
the ground injured by the fracture in the bed of the river, than 
that suggested by Mr. Trevithick, 

'* nth. — la it your opinion that this fracture has be«i occa- 
sioned by any unskitfulness on the director of the works, Mr, 
Trevithick ? 

" This fracture, in our opinion, has not in any degree been 
occasioned by the unskilfulness of the undertaker, Mr. Tre- 
vithick, although we might have recommended a continuance of 
the drift in a horizontal direction for abont HO feet farther, 
previoua to the commoneement of its ascent We might have 
recommended this 140 feet additional, only to have given equal 
width betw een the drift and the river ; but, if tliis had been 
done, the tunnel itBelf muet have been so much longer, or else 
the rise quieker in proportion, 

"12th. — Have you in any part of the works discovered a 
want of knowledge and intelligence in Mr. Trevithick in the 
business of this undertaking ? 

"No part of the works, in onr opinion, exhibits any want of 
knowledge or intelligence in Mr, Trevithick in the business of 
this undertaking. As a practical miner, this work does credit 
to any man who hns performed it ; and he lias great merit in 
the performance, and need not be afraid of anyone viewing the 
work. 

" 17th. — From wliat you have observed of Mr. Trcvitliick, on 
this occasion, are you of opinion that he is a proper person to 
conduct the undertaking ? 

" We have not the least hesitation in saying that he is. He 
has shown most cxtraor linary skill and ingenuity in passing the 
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quicksand; and we do not know any practical miner tliat wo 
think more eompotent to the task than he is. We judge from 
the work itself, and until thia occasion of viewing the work, we 
did not know Mr. 'f revitliick, 

" 18th. — Do you approve of the borings which Mr. Trevithick 
mmlo in the roof of the drift ; and putting up the pipes to draw 
off the water? 

" It was the most jndicioua method he could pursue." 
" After perusing the opinion of men of Buch eminence in 
I their profession as Messrs. Stobart and Buddie, the directors, 
whose confidence in Mr. Trevithick has been unvaried, made 
no doubt that tlie proprietors at large, whose minds are not in- 
i fected by prejudice or invidious motives, will concur with them, 
I that tliat confidence was not only well founded, but that Mr. 
[ Trevithick's character stands even higher in his profession 
I than their dificorumont of his merits had led them to judge of 
I liim. 

"Not only did a Member of Parliament, highly respected for 
the parity of his conduct and scientific requirements (Mr. Davios 
Giddy), attend the Board of Directors, and give so high a cha- 
racter of Mr. Trevithick, both as to his talents as a minor and 
integrity aa a man, that not a single director hesitated on that 
head, but also, a proprietor, Mr. Butt, who is a distinguished 
individual of the discontented party, did himself bring to the 
Board, from another quarter of great respectability, a report as 
favoumblo to Mr. Trevithick as that given by Mr. Giddy." 

The directors received these opiniona of Messrs. Sto- 
bart and Buddie on the 7th April, 1808, and directed 
Mr. Ryan to make borings on the north shore ; but 
lieiiig still in doubt, on the 19th April sought advice 
from Mr. Charlton, from whose report a few questions 
and answers are selected to sliow the confusion of 
management. 

" 3rd. — Do you conceive that the drift corresjionds with the 
plans ? 

" Yoi ; I see nothing to the contrary. 
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" 4th. — Is the drift made in such a way as yon »i>iiM hare 
advised ? 

" For a temporary drift it is. 

" 5th. — Ib it canied on io sticli a way as you would luTe 
advised as to its level and distaoee from the river? 

"Any man would naturally take it as near the river as h« 
could with safety, and I would have advised it. 

" 8th. — Whether you would have advised making a drift in 
the way this has been done, for the purpose of enlarging that 
drift to the extent of 11 or 12 feet diameter? 

" I would not ; it is my opinion that you should have fiuished 
tts you went on. 

" 9th. — Whether you would advise iu the present state of tJie 
drift to continue it to the north side, or abandon it and make 
another drift? 

" I think that as it is gone so far, if it was driven tbroogh 
it would give great advantage for air, and convenience for 
bringing out and taking in materials, and safer for the work- 
men, and therefore I would advise it to be carried through. 

" 15tli. — Woidd you advise the borings that are now making 
to be completed ? 

"No." 

" Resolved, from the evidence adduced at this meeting, that 
Mr. Trevithick was acquainted with the borings already made 
in the north shore of the river, notwithstanding the representa- 
tion to the contrary appears in Mr. Braithwaite's report." 

" At a meeting of directors on the 21st April, 1808 : — 

" Resolved, that the borings on the north side of the river be 
discontinued till further orders, and that notice thereof be given 
to Mr. Rastriek." 

" At a meeting of directors, 9th May, 1808, Mr. Trevithick 
attended this meeting and stated that the new engine was com- 
pleted and at that work; and he now thought it prudent to at- 
tempt proceeding with the drift, previously to sinking a caissmi, 
as he expected to get through the quicksand, after proceeding 
with the drift 5 or 6 feet fartlier." 

" Resolved, that Mr. Trevithick be directed to open the 
breast, and proceed with the drift without delay. Mr. Trevi* 
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thick delivered to "this meeting the following claim upon the 
eompuny, for the time he has lost since the works were last 
Buspendcd, namely, thirty-four days at two guineas per day." 

" Resolved, that the cousideration of the above claim be sus- 
pended for the present," 

''At a meeting of directors on the 16th May, 1808, Mr. 
Trevithick attended, and delivered the following report : — 

" On opening the breast this week we found the wood piles 
rather loose, which were driven up and fastened ; after which 
the miners attempted to proceed, but were driven back several 
times by water and sand. Opened several old pipes that were 
put in the roof, out of which water flowed strongly leaving the 
breast ; this enabled the miners to- proceed 22 inches." 

"At a meeting on the 6th June, 1808, Mr. John Hastrick'a 
report is received by the directors : — 

" Your workmen were employed last week in taking up 40 
tons of clay and gravel, which formed a ridge on the bed of the 
river, and in putting a sail over the broken ground, getting, 
loading, and unloading IGO tons of clay, which clay covers the 
Bail about 3 feet thick. The drift is quite clear of aand up to 
the door ; whicli door is 18 feet from the face, and is full of 
aand. The water at the tin and door flows strong ami clear. 

" fiesolved, that Mr, Trevithick be directed to put the old 
engine in repair." 

In June, 1808, Mr. Rastrick wan the engineer of 
tho driftway, and on the 11th made a report to the 
directors : — 

" Monday, men were employed in driving iron piles, and 
loading a barge with clay. 

" Tuesday, boring a hole 98 feet south of the incline : this pipe, 
like all the former ones, discharged water free of sand for half 
an hour, during which time the end was dry, when the sand flowed 
and plugged up the pipe. The rock at this hole is 5 feet thick. 

" Wednesday, boring a hole 109 feet south of the incline, out 
of which we could get no water, though it was bored 16 feet high. 
Ojiened pipe !)8 feet south of the incline ; this eased the breast. 
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and miners proceeded in driving piles. Tliey bod not beeu 
above lialf «n hour at tliis work before the pipe stopped, and 
sand and water flowed strong througb pipe 109 feet. 

" Tliursday, miners opene<l the above pipes, whicli, aa before 
discharged sand and water ; phtgged up, and opened the breast, 
which appeared favourable, hut as soon as the first pile was 
driven, the whole of tho piles eame back about an inch and half. 
Seen red the breast and left the drift. 

"Friday, opened the hole 10!) feet, and put up pipes 3 feet 
long, making pipes in this hole 15 feet. Water flowed strong 
and clear for two hours, during which time miners opned 
breast and drove piles, after which sand flowed very strong 
through the pipe ; plugged up, and left the drift. 

" Saturday, bored a hole 173^ feet south of the incline. This 
hole was bored li) feet bigh, through which the sand flowed 
very strong ; plugged up, and drove four iron plates in tbe 
breast 18 inches long and 10 inches broad. 

" Sunday, opened breast, cut out piles, and prepared for a set 
of timbers. At this mbnient the jiiies appeared loose ; sand and 
water flowing strong out of tlie bottom of the drift, about 8 feet 
from the end. Secured breast, caulked the joints, and left the 
drift." 

Without attempting to define Trevithick's position 
during this knocking together of heads of eminent en- 
gineers, directors, and shareholders, it is evident that 
for two or throe months Mr. Rastriek had power to 
act, closing his short authority by tlie significant 
words, " secured breast, caulked the joints, and left the 
drift." 

Mr, Rastriek and other engineers acted on Trevi- 
thict's plans without even suggesting any particular 
change. Tliey would scarcely lia^-e l-een employed, 
except on the understanding that they could do lietter 
than Trevithick ; yet they made no progress, and 
admitted that he was the only man for the work. 

During tins short respite from daily attendance 
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on the driftway, Trevithick had constructed the first 
London railway, and had conveyed or was about con- 
veying tlie first railway passenger train by the loco- 
motive ' Catch-me-who-can." 

The drift having been idle for nearly two montliH, 
Trevithick recommended a new plan, and a special 
meeting for its consideration was called. 

" Mh, Giddy, " Juhj 2m, I8O8. 

'■ Sir, — I linve youra of the 24th, aud intend to put the 
inscription on the entrino, whitOi you sent to me, 

"Ahout four or five days ago I tiieJ the engine, whit-h 
workeil esceediugly well, but tlie ground was very soft, and the 
•engine (about eiglit tons) sunk tlie timbers under the rails, and 
broke a great number of them. I have now taken uji the 
wlioie of the timber and iron, and have laid balk, of fmm 12 
to 14 iuebes aqnare, down on the ground, and have nearly 
all (lie road laid again, whit-h now appear.-i very (inn, Wo 
prove every part as we lay it down, by mnning the engine over 
it by band, I hope it will all be complete by the end of tliia 
week. 

" The tunnel ia at a stand, and a special meeting is called for 
Saturday, in consequence of my proposing a hkw method of 
carrying it on ; and if put into effect (of which 1 have no doubl) 
the driftway is long enough, and would not be of more seivit;^ 
if wholly across. 

"The plan I have laid before them is to make a caisson, 
50 feet long, 30 feet wide, and as high as from the bottom of 
the river to high water. It is made of whole balk, tlie joints 
caulked tight as a ship. On the caisson is placed an engine 
for driving the piles and drawing them again, aud also for 
lifting bricks out of the barges, and the stuff out of the caisson 
into the barges, by a crane (vorked by the engine. The piles 
must bo driven within this caisson, in every square, and as deep 
as tho bottom of the tunnel. Then remove the earth and coq- 
Btruct 50 feet in length of brick tunnel ; then remove the 
caisson, draw tlie piles, an I rotix lliom ,5(1 feet fartlier ou in the 
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river, and add uiiother pioc^- tu the tutincl, and so un, iinlil t 
whole is finisheil. 

'■ By this plan only 50 feet of the river would be occupied 
at one time, or less than a 400-ton ship at nnclior m the 
river. We must bore up from the roof of the drirt and put up 
n pipe to tap down the water from tlie caissou every time »e 
move it, 

" The cai;4son and engine, with all its materials, will float 
to^ethei-, and almost all the work will be done by the steam- 
engine. 

" The lirst plan was for a timuel of 11 feet in diameter, far 
foot paH^ugcrs only, and watt to be 14 feet lower than this 
present plan. 

" This plan is two tunnels side by side, 12 feet diameter, eaeli 
to have a waggon-road of 8 feet wide, and a foot-path of 4 feet 
wide; one tunnel to admit persons going forward, the other 
bai:kward, so as to prevent mischief in passing. 




" This plan can be completed for 10,UU02. less than the 
original foot-path of 11 feet wide. I think this a safe and sure 
plan, while the other wunld bo very expensive, dangerous, and 

uncerlain ; and if ever exwuted would be hut a fool p 
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" No. 1 19 tlie frame that guities tlio piles straight 

" No. 2, pieces of timber across over the back of the arches, 
to keep the feet of the piles firm when we move the caissou. 

" No. 4, showing the piles, with a lialf-eircle cut out of each, 
about 3 inches in diameter, dovni which oakum is drivea to 
make the piles water-tight in the joints. 

" This plan will shorten the tunnel ; it is not so deep as the 
other, therefore will corae to clay much sooner on eacli side of 
the river, und the timber to supjiort the roof will bo saved. 
Your opinion on this pkn will very much oblige 

" Your very imnible servant, 

"Richard Thevithick." 

The proptised caisson for repiviriiig tlie drift seems not 
to have been adopted, and was follo^ved by a recom- 
mendation to build two brick tunnels, each 12 feet in 
diameter, to accommodate tlie to and from streams of 
passengers and wheel-carriages, in lieu of the original 
intention of one tunnel of 11 feet in diameter: it was 
to be 6 feet below the bed of the river, or 14- feet nearer 
the surface than the original design ; thus reducing the 
stiff and very objectionable incline to and from the 
tunnel from its low level. 

The double tunnel was to be constructed on a new 
plan. Insteiid of mining through the quicksand, a 
water-tight box of planks and piling was to Ih) placed 
in the river, the enclosed earth excavated to the required 
depth, a length of hrick tunnel built, the river-bed re- 
placed, and the box removed ahead, for an additional 
length of brick tunnel, while the materials were to 
be moved, and the piles drawn, by a steam-crane, in- 
trofluced by TrevitLick a few years before,' and the 
surplus water drained by a pipe into the old driftway. . 

' ixu Tivvitiui-'k's letter, 10th JAiiuury, 1805, cluiji. kv. 
T 2 
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This i)Iaii for an imi)i'oved double way, estimate 
to cost 10,000/. less than the tuunel or mining pro- 
ciess, came before the directors on the 4tli August, 
1808, when "they resolved that the works be not 
proceeded with until further orders;" and on the 16th 
November, 

" Besolred " (Mr. Trevitbick and Mr. Bastrick attended the 
muctiug) " it liaving been stated to the directors by Mr. Trevi- 
tliick that from unforeseen dlfSciiIticB ariging tu contiiming the 
present drift throagh the quicksand and broken groiiud on 
the north shore, the same will be attended with much greater 
expense than was originally estimated; and lie having at the 
same timo suggested another mode of making the tunnel at a 
much less expense, tlie directors think it expedient that such 
plan should be taken into consideration." 

'■ IteHolved, that the following gentlemen be requested to 
take the said plan into their consideration : General Twiss, 
Lieut. -Colonel Mudge, Lient.-Colonel Shrapnell, and Sir Thomas 
Hyde Page, with a request that they will report to the Board 
their opinion thereon." 

■'On the 18th March, 1809, Mr. Healing, tho attorney of Mr. 
Trevithii^k, attended this meeting, and stated be was autliorized 
by Mr. Trevithick to accept 800/., in addition to wliat he liad 
received, in full of all demands on tin: company, or to consent 
to leave his demand to arbitration ; but the directors not con- 
senting to 80 large a sum, Mr. Healing withdrew, having no 
authority to accept a less sum." 

Tlie following^ plan, together with a description uf 
the work done, was issued by the directore in March, 
180!), soliciting opinions from fresh engineers; but the 
writer believes this attempt to tunnel the Thames never 
advanced another inch : — 

" Fig. I is the section of tho shaft sunk on the south shore, 
lined with 9-iuch brickwork laid in cement impervious to 
water. 
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DmeriptioH of the StrnUt through luhirli it piituiil. 

No. 1. Stratum consisting ofbrown cUy i) ii 

„ 2. Loose gravel witli a lurgo quantity of wntpr 2(i 8 

„ 3. Blue alluvial earth inclining today .. ., 3 

„ 4, Loam .1 1 

„ 6. Blue alluvial earth inclining to clay, miietl 

witli shells 3 <) 

„ fi. CalcareoUH rock, in which are imbedded gravel 

Htones, and bo hard as to resint the pickaxe, 

and to be broken only by wedges .. .. 7 Ii 
„ 7. Light«oloured muddy shale, in which were 

inibtidded pyrites and calcareous stones .. 4 ti 

„ 8. Green sand with ^"""1 ""d a Jittlo wsU-r ,. (1 

„ 9. Green sani 8 4 

r,8 4 

Prom the surface of tlie {;roiind to higl-wster mark . , 8 

Deptii of the shaft from high-water mark 7(! 4 

" The gravelly stratum No. 2 in the shaft extends about 40l) 
feet into the river from high-water mark at T, to V: at thiw 
latter plaee it is about 2 feet thick, and uiideraeath is alluvial 
earth approaching the nature of clay. 

a The entmnce of the driftway (further described in Pig. 2), 5 feet 
high, 3 foet wide at the bottom, 2 lent IJ inches at the trip in 
the clear. 
h h The framing of the drift, consisting of 3-inch plank, 
e The platform. 

" Fig. 2 (shown in Plate X,) is a section, on a smaller scale, of 
the river, with the shaft and driftway. 

" Fig. 3 is a plan of the same. 

"Li proceeding with the driftway towards the north shore, 
the strata were constantly varying. The following is a descrip- 
tion of the strata as they appeared at the face of the drift, at the 
seyeral places specified. The variations in the intermediate 
spaces were not noted, but the surface of each stratum was nearly 
even for the greater part of those spaces. 

Face of the drift at the entrance from the shaft, 

measuring fniiu the bottom upwards, — n. in, n. In. 

Green aand 4 G 

Gravel G 

.'; 

At a, being 177 feet from the fihaft.— 

Green sand 4 

Gravel li 

Blue muddy Hlialo .. .. G 
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ft. In. fL in. 

At 6, 234 feet, Grcc^n sand .. : 3 9 

Gravel 3 

Blue muddy shale . . . . 10 

5 

At c, 295 feet, Green sand 3 7 

Gravel 3 

Blue muddy shale .. .. 12 

5 

At rf, 317 feet, Green sjmd 3 5 

Gravel .. ..0 4 

Blue muddv shale .. .. 13 

5 

At e, 321 feet, Green sand 3 3 

Gravel ^04 

Blue muddy shale .. .. 15 

5 

At/, 333 feet, Green sand 3 3 

Gravel 4 

IMue nmddy shale .. .. 15 

5 

At i^, 350 feet, Green sand 2 8 

Gravel 4 

Blue nuuldy shale . . . . 2 

5 

At /», 493 fwt, the green sand ends. 

At /, 730 feet, Hani calcareous R>ck, mixed 

with loamy land 5 

At A-, 799 feet, Hard nx?k 5 

At /, 858 feet, Ditto 5 

Aty/i, 901 feci, Ditto 5 <> 

At 7i, 931 feet, lkK?k, with a little sand and 

shells, and water in the 

nxjf 5 

At 0, 945 feet. Hard rock 2 6 

Clay and shells 2 6 

5 

At/>, 996 feet. Rock 3 

Clav 4 

Shells 2 

Clay 10 

Cockleshells 4 

Clays and shells 10 

Sand 2 

Clav 6 

Sand 5 

6 

At Qf 972 feet, Clay and shells 4 

Sand 10 

5 

At r, 992 feet. Clay and shells 8 

Sand 4 4 

5 

At», 1011 feet, Sand 3 6 

Clay 1 6 

5 



• 
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"The quantity of water in tlie gravel, No. 2, was so con- 
siilemble, that a 14-Iiorse engine coutd only keep the watfr 
a few feet below ita natural level, and the shaft was siiuk 
through by far the greatest part of tliis stratum into the blue 
Btratum No. 3, with the water standing in it to the depth of 
several feet. It is well ascertained that this stratum of gravel 
exteuds through a cousi'iemble part of the adjoining country ; 
but borings being made in the shaft from the bottom of this 
stratum, no water was met with in the substrata to the dcjith of 
86 feet from high water, where a spring was discovered, which 
rosa in a few hours, through pipes inserted for that puipose, to 
a higher level than that in the gravelly stratum No. 2. The 
shaft was therefore sunk only to the depth of 76 feet 4 inches. 

" The drift m as then eaiTied forward in a horizontal dii'ectiou to 
the north, 559 feet. And, in order to explore the ground in the 
northern part of the line nf the then proposed tuimel, the drift 
was turned to the west 23 feet 6 inches from the centre of the 
former line to the centre of the now direction, and then to 
the north (intended to be enlarged afterwards to the size of the 
tunnel), and carried forward 341 feet, making tho distance from 
the shaft to the beginning of the rise at D 922 feet. Through 
the whole of this line no material interruption occurred; tho 
strata consisted of firm sand, calcareous rock, and concreted 
gravel, with no more water than was easily kept under by a 
14- horse engine. 

'At this point D the drift was made to incline upwards at the 
rate of 1 foot in 9. In prosecuting this part of the drift, at 
tlie distance of 23 feet from the beginning of the incline, t!ie 
earth in the roof broke do\»ii, and discharged a great quantity 
of sand and water into the drift. At the time this circumstance 
happened, a space of only 6 inches by 30 of earth in the roof and 
none in tho face was left untimhered ; and through this spiice 
the earth kept fallingby degrees, until a hole was formed capable 

letting a man stand up in it, who perceived a quicksand, 
about 3 feet thick, and about 4 or 5 feet above the roof of the 
drift. The stratum between the drift and sand was clay; and 
water flowed from the sand. The hole was after some difficul- 
ties filled up, and the works iiroceoded. 
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" From the observntions wtiich bad been made in tUe pmgres* 
of the diift, tlie engineer found that the Btrata dipped slighlly 
from the south to the north, and concluded that tlie pmvelly 
stratum No. 2 in the shaft would end in quk-ksand. Tin's in- 
ference was confirmed by borings in the north shore at E, ami 
by the fact that the wells there are mnch deeper than on the 
Eonth. In expectation therefore of drawing off the water froni 
the face of the work, borings were made at Xns. 6. 7, 8, 9. auii 
pipes were forced up to the top of the quickeaud at those places, 
which had the desii-enl effect, 'lite water ciime free from sand 
for a considerdble time; but when the aand began to come 
through any of the pipes they were plugged up. ainl otliei^ 
occasionally inserted in diffurent places, to the south of these, 
with the same object in view, and which kept the face of the 
work dry. Ijy this means, and by using the utmost precautioa 
in all other respects, the drift was afterwards extended 70 feet 
beyond this fracture ; where the roof broke down a secoud time, 
and stmd aud water entered the driftway with great violence, 
and to an alarming degree ; eo that in about s quarter of an 
hour the water rose in tlie shaft nearly to the U)p of it. On 
examining the river an opening or hole at tc was discovered in 
the bed of about i feet diameter and 9 feet deep, and its sides 
nearly perpendicular. Into this hole clay, partly in bags, and 
other materials were thrown sufficient to till it up ; and which 
succeeded in strapping the communication between the river and 
the drift. The face of the drift was again opened, but the men 
could make but little progress, as the water and saad Iretjuently 
burst in upon them, and drove them away. The pipes Nos. 1, 
12, 13, and 14, were put up, and the drift was extended 20 foet 
(i inches farther, in nearly a horizontal dii-e<rtion, through the 
quicksand. At pipe No. 14 the first 14 inches above the roof 
was clay, and 3 feet of sand above it. The face was then timbered 
up, to prevent any further fall of earth or sand ; and the pipe 
No. 18, 9 feet long, forced upwards diagonally, and the pipe 
No. 19 horizontally. The first 8 feet through which the pipe 18 
passed was blue clay, and the last foot quicksand, of which a 
cfmsiderahle quantity immediately flowed into the drift. This 
pipe soon became clogged up, it is presumed with clay,,^ 
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some Imnps came througli nearly as Ini^e as the tliamek?r of 
tlie pijie. Tlie pipe No. 19 was 8 feet C inches long, and 
discovered nothing but blue c-lay ; no sand nor water came 
through it, 

" At this period the engineer reported that he had examined 
the bed of the riverj and found tho Iiole at w considerably in- 
creased both in width and deptli, and the earth at x very much 
sunk ; and that he had no doubt these two fractures communicat<?d 
underneath. He then gave it as his amnion that an underground 
tunnel could not be made in tliat Hue, unless the fractures were 
covered by caissons, without which the further progress of the 
drift would be useless ; but that he had no doubt of being able to 
make a tunnel over the same line through the river, sufBeiently 
deep into its bed, by means of movable caissons, or coffer-dams, 
and at a less expense considerably than the original estimate for 
the underground plan, and icithout any impediment to ihe navi- 
ffotion affile river. Under these circumstances the further pro- 
gress of the works was suspended. 

It is an important consideration with the company, that 
the size of the tunnel be large enough to admit two carriages to 
each other ; or two of smaller dimensions, each to admit a 
carriage. 

" The company contemplate a foot tunnel, only in the event 
that a larger one should appear to be impracticable. 

The plans must be formed with regard to the tunnel being 
lighted. 

N.B. — That plan whose line is the shortest, and ascent the 
easiest, wilt liave great claims to preference, if equal in merit in 
other respects. 

" By order of the directors, 

" S. W. Wadeson. Clerk. 

" ACSTIN Pkiabb, Londom, Marrh 30lh, ISOfl." 

Trevithick had not counted on this abandonment of 
I the work; for at the time when the directors put aside 
' the plans of their engineer, "and thought proper to in- 
vite ingenious men of every description to a consider- 
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ation of the best means of completing bo useful and so 
novel an undertaking," he was in commiinicalion witii 
his brother-in-iaw, Mr. Henry Harvey, to arrange tbe 
preparing and sending to Loudon " 300 tons of ecantW 
Cornish granite fortnightly," and his old friend William 
West was to superintend the cutting and shipping of 
the stone. 

As the free movement of ships in the river prevented 
the use of a bridge, the chief object in this underground 
passage was to avoid the great inconvenience of the 
boat-ferries across the river, Ijetween Rotherhithe and 
the large commercial docks on the south side of the 
Thames, and the narrow street on the north side, near 
the river entrance of the Regent's Canal at Limebouse, 
not far from the "West India Docks, and about 2^ miles 
below London Bridge. 

Trevithick was engaged on this driftway a year 
and a half;' during less than half of which active 
operations were in progress, while the remaining poi^ 
tion was taken up with vacillations and weakness in 
the dii-ectory, and interference and discord from the dis- 
contented shareholders. 

-After a lapse of nearly twenty years, Brunei, in 
1825, commenced the Thames Tunnel, which, after great 
difficulties and nnlookeJ-for expense, was opened to pas- 
sengers in 18-43, from Rotherhithe across the river to 
Wapping, near the Ivoiidon Docks, about a mile and a 
half below London Bridge ; it consisted of a double 
tunnel made of brick, something like Trevithick had 
recommended ; but instead of using the proposed caisson, 
Brunei followed the principle applied in the drifts of 
underground working through the river-bed, stfcuriiig 
the sides with brick or other material, and the working 
end by wood or iron, or other means, allowing email 
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p openings tliroiigh which tlie eartli was removed, which 
• could be closed wlien quicksand or water overpowered 
the workmen. Brunei called this end apparatus a 
movable shield ; it was a large complicated structure, 
allowing about thirty-six men, each in a small compart- 
ment, to work in the end. In 18:17, Sir Isaral'ard Brunei 
informed the writer that the plans and papers on the 
driftway left by Trevithick had given him the highest 
opinion of his character and genius. 

In 1869 the Thames subway was constructed by 
Mr. Barlow between Tooley Street and Tower Hill, 
about half a mile below London Bridge; consisting 
of a cast-iron tube, 7 feet in diameter, put together in 
pieces. 

The general outline of procedure was similar to 
that in the driftway, except that the work was secured 
by cast iron in Heu of wood. Trevithick's drift was of 
wood, Brunei's tunnel of brick, Barlow's of iron. 

The many scientific and practical men brought into 
contact with Trevithick during the progress of the 
driftway helped very much to difl'use the knowledge of 
his high-pressure engines and laihvay locomotion. 

Among the seventeen gentlemen who reported on 
his work were Rennie, Braithwaite, and Rastrick, all 
afterwards eminent in the engineering world, and others 
equally well known. Lieutenaiit-Greneral Twiss, Lieu- 
tenant-Colonel Mudge, Lieutenant-Colonel Shrapuell, 
helped with their particular experience ; and Mr. Wil- 

Iliam Stobart, of Durham, and Mr. John Buddie, of New- 
castle-upon-Tyne, experienced miners, were also present. 
All these persons undoubtedly saw Trevithick's high- 
pressure engines at theTunnel and elsewhere in London ; 
the dredging machines then at work in the river ; and 
the locomotive and passenger railway at that time 
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carrying passengers at a shilling a ride near Enston 
Square. The Newcastle and Durham coal propriet(»rs 
in particular must have seen the engines, as they knew 
that Trevithick had sent a colliery locomotive to New- 
castle and to Wales, and were especially interested in 
such matters. 
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CHAPTElt XIII. 

IROS TANKS. 

Trevithick and Dickinsons Sjpecification, 31si October, 1808. 
" Instead of the packages, cases, chests, trunks, casks, vessels, or 
other receptacles heretofore and commonly used for the purpose of 
eontaiutug, enveloping, preserving and aecuriiig from damage the 
several articles of merchandise and other goods, whether in the 
solid and consistent or in the liquid form, which are taken and 
stowed on board ships and other vessels to be transported or 
consumed, or otherwise used and applietl, we do construct, make, 
use, and apply certain other packages, vessels, or receptacles of 
iron, made by casting the said metal, or by forging, laminating, 
and riveting together plates or portions of the said metal, with 
covers adapted to and capable of being secured by screws, bolts, 
and othei' known means, to the said vessels or receptacles, so as to 
render the same (\yhen shut) close, secure, and impenetrable to the 
extttrufll air or moisture, or other hurtful matters and things. 
And furtlier,wc do make our said packages, vessels, or receptacles 
of such figures or forms that they fit exteriorly to each other 

I without that waste of space which takes place in the stowage of 
wooden casks. For this purpose different forms may be used, 
but we prefer rectangular or hexagonal prism forms to all others. 
Where the same economy of room is not reijuisite, we employ 
the cylindric form, but whichever form be employed a much 
larger quantity of goods can be stowed by means of our Inven- 
tion than can be stowed in an equal space wlien the goods are 
put into packages made of wood, the sides and ends of which 
are necessarily of a great thickness compared with those made 
of iron. Nor is saving of room the only advantage which results 
from our aforesaid Invention. Water, oil, and various other 
fluids, as well as provisions of dift'i-rent kinds, will be better ■ 
presL-rved from «aste, pulrescency, leakage, depredations front 
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iusects and other living creatures, in iron vesselB than ii 
inude of wood, For eomc piirposea we have our said iron pocb- 
a<^s,~TeBsele, and other receptacles tinned on the inside, or coated 
with a varnish suited to the commodities they are destined to 
contain. 

'• By our said Invention great advantages as to space and 
comfort will be afforded to those un board ships, withont any 
detriment, but rather with advantage, to the proper trim of 
carrying sail, and the e<afe and esjteditious pert'orniancc of their 
respective voyages. 

"Ill witness whereof, we, the said Richard Trevilhick and 
Robert Dickinson, have hereunto set our hiuids and seals, 
the Twenty-eighth day of Ajiril, in the year of our Lord 
One thousand eight hundred and nine. 

"Rob'^- DiCKlNSOK. (cs,) 

" Richard Trevithick. (i-.s.) 

The drcdgors, the Thames Driftway, tlie London 
locomotive railway aud engine, were all in hand a1<out 
thin time, but were uot sufficient to give full scope and 
occupation to the never-tiring energy and fruitful in- 
vention of Trevithick. The few lines of his patent 
specification, though bearing mainly on tanks of iron 
for holding liquids on board ship, have also reference 
to the general question of conveying small [ackages 
liable to damage, stowed in cases of iron, tinned or 
varnished, sometimes in the form of a cylinder, to be 
rolled to or from the ship to the storehouse, — even 
the trim and sailing qualities of the ship were to be 
improved by their use ; and the agreeability of the 
drinking-water on board ship was to be greatly in- 
creased by being stored in iron instead of in wood 
ve8.sels. This latter idea originated when observing the 
purity of water in an old boiler that had been used 
at the Thames Driftwnv. 
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" When a little boy, shortly after reaching London from 
Cornwall, about 180S, my father, on coming into the lioase on a 
Simday tnornin<;;, desired nie to fetch a wincghiss, and taking 
uie by the liand, walked to the old yard near the Tunnel works. 
There was iin old steain-engiuo boiler in the yurd; luy father 
filled the glaat with water from the boilpr gauge-cock, and 
aaked me to tell him if it was good water. We used to speak 
uf this as the origin of the iron tanks."' 

This happened iii 18t)8, wlien removing certain ma- 
chinery at the Thames Dnftway, to make room for one 
ot" liis 30 - horse -power high - pressure engines, Tlie 
water which liad Ibuud a resting-place on iron was 
very clear and fresh-looking, — an old boiler was full 
of clear water, without unpleasant taste or smell. In 
a moment it was plain to him that an iron water-tank 
was preferable to one made of wood, and tliat by its use 
a serious evil of the day might be removed, for at that 
time sailors were obliged to drink stinking water, loaded 
with living and dead animalculaj, and other impurities, 
and to have even of this a smaller allowance than was 
required for washing and cleanliness. Iron tanks could 

I be fitted into the spare corners of vessels in a way that 
wooden casks could not, and both the quality and quan- 

t tity of water would be increased. " The greater advan- 
tage as to space and comfort afforded to those on board 

I ships, without any detriment, but rather with advantage, 
to the proper trim for carrying sail ; and the better pre- 

i eervation of water, oil, and various other fluids from 
putrescency, leakage, and depredations from insects, in 
iron vessels, than in vessels made of wood," 

In February, 1809, the patentee published a pamphlet 
describing tlie advantages derivable under the patent. 



' KucoUuctiou» of Mr. lUoliiml Trevithiok, residing at i'encliffe, Haylc, 18^0. 
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"The wood alone in a provision cask of Mr, Jellisli'a, oon- 
taiuing 41 gallons, oecapies a space equal to 1!> gallons. A 
water-cask of one tiiu, or 252 gallons, has a loss from wood and 
space equal to 70 gallons. An iron cask being only tilths of an 
inch thick, coutuiuiug the same quantity, occupies the B[iac» 
of only 7 gallons, giving an advantage of 69 gallons of room 
saved in every tun of water, or 26 per cent., exclusive of the 
K|iai'e occupied by the fathom wood, and the differenpc betwcn 
squares and circles in stowage 

"The improvements now submitted coui^ist in the adttpfum to 
tJie holds of vessels of a system of Krowfht or east iron eases of 
a square, iKihjgonal, or any dher form,hy whidi they tnay adajA 
liiemselves to each other witJtovi leaving any inlerslkes, or maJe 
cylindrical wltere room can be spared. 

" A ship engaged in the whale fishery, belonging to Messre. 
IJennet imd Co.,lfttely returned from a successful voyage, with 
what is called a full sldp. This vessel is of the burthen of 208 
tons admeasurement, and yet whep her hold was completely 
full of wooden casks, the Avhole quantity of oil they contaiuet 
was only 140 tons, being full one-third les^ than what she might 
hare stowed in ditfereutly-formed packages. 

" The patentees now propose to furnish this ship with a 
ground-tier of wrougbt-irou tanks, i feet square by 8 feet long; 
each of these will contjiin 4 tons. The lower part of the hold 
will then stow 9 of these casks lengthways and 5 breadth- 
ways, being 4S casks, whicli together will contain 180 tons. 
This quantity of iron stowage will, of coiii-se, occupy a depth of 
only 4 feet, at the bottom of the hold, and her full tonnage 
remains to be made up with an additional quantity of oil, 
leaving a sjmce in the hold unoccupied, from the top of the 
tanks to the deck, of 6 feet high, which sjiaee would stow 
considerably more than her admeasurement of 208 tons. 

" With respect to the Koyal Navy, the patentees presume to 
think that the adoption of iron stowage would be advantageous 
in a more than common degree. If ships of war were provided 
with metal tanks for containing their beer, water, provt.sions, ftnd 
storea, would not the necessity for ballast be in purl done away ? 

"This alteration would be attended with but little expeuse, 
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as tbe iron bnllnnt at present employed miglit be spt^edily con- 
verted at tbe foundries into iroo tanks, adapted for the (i;rouiid' 
tier of the hold. In a ground-tier iron cases niigbt be made of 
a greater thickness for the sake of securing a proper sailing- 
trim when at sen ; they will contiiin a much larger supply of 
fresh water in tbe same bulk than wooden casks, and when it is 
necessary to ligliten the vessel in naval manoeuvring, these iron 
tanks may be speedily emptied by means of pumps and hose 
adaptetl to their orifice, and afterwards tilled with sea-water, 
when circumstances require an addition of bullaiit. 

"As an illustration of the saving in point of expense, it may 
be mentioned that a first-rate man-of-war generally takes on 
board wooden casks for 600 tons of water ; if supplied with iron 
stowage, there will be a saving of 2400A To this saving may 
be added the annual expenses of luxtps, coo[jerage, &e.. which in 
vessels of these dimensions are never less than 500/. a year; in 
short, from their present material, a total saving would occnie 
to Government of 500,000?. per annum, by the adoption of 
iron casks alone, exclusively of the preservation of the stores, 
health of the crew, and advantage in stowage, wliieh ia incal- 

ilable." 

A siiip of 208 tons, retmniug from the whale fishery 
with a full-stowed cargo in wood casks, gave 140 tona 
of oil. The same vessel, fitted with a ground-tier of 
wroiight-iron tanks, each of them 4 feet square and 
8 feet long, carried 180 tons of oil, and still had 6 feet 
in height unoccupied between the top of the taiikR and 
the deck of the vessel. 

Ships of war should carry liquids in iron tanks 
fitted to the form of the bottom of the hold, either to 
serve as drinking-water or as ballast ; so that in 
''naval manteuvring" the vessel might lie deepened, 
thereby exposing a lees amount of vulnerable surface to 
an enemy, and again lightened by the nautical steam 
labourer pumping the water out of the tanks. 

Should llie (loveniment object to the co.st nf wrnugtit- 
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iron tanks, their cast-iron liallast, " Seely'B pigB," shonld 
be recast into tanks suitable to the form of the hold. 

Trevithick was requested to meet some scientific and 
medical men at a Navy Board that those gi"eat advan- 
tages might be explained. Rising from the consulta- 
tion in a huif, he exclaimed, " I had expected to find 
gentlemen who would understand the matter, but you 
seem to me to be a lot of old women." He then put 
on his hat and walked out. 

On another occasion he recommended his iron tanks 
at the Admiralty Office, and was told that water from 
them would poison all the sailors in His Majesty's ser- 
vice. The question was referred to Sir Joseph Banks, 
who reported that "water kept in iron tanks looked very 
well, smelt very well, ta-sted very well, and produced uo 
injurious effects on thoBe who had drunk it." Trevi- 
thick's two eldest children' spoke of having fastened 
together pieces of cardboaid to represent the forms for 
iron tanks and buoys, and were promised a pretty model 
of a ship, about 2 feet long, having little blocks of wood, 
representing iron tanks, fitted to the hold of the vessel, 
and kept in their places by wooden pins. All the deck 
part could be lifted off, that tlie tanks in the bfild might 
be more easily seen. 

This model was sent to the Admiralty, and neither 
Trevithick nor his family ever r;iw it again. 

"Capt. Al(lridge,^coinmaiiding a Government vessel, solicitod 
permission IVom tbe Navy Board to have some iron tanks placed 
in hiR vessel : it nas refused. He procnred a small one at his 
own expense." 

'• Capt. Alder knew tbe admiral had some iron tanks s.3nt on 
boiird, in opposition to the orders of the ViotntiUing Dtjparlm.'ut 

at Peptford." 

' Residing ni Hayle in ISr.S). ' l/ttely rtsiiling nt IHmixitiiUT. 
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" Mr. Cockliurn sailed on board the ' Amphion,' 32-guii ship, 
in 1813, Iron water-tanks were fitted in the hold ; a immp at 
the main Imtchway filletl the deck water-tank and the cook's 
copiiei^: by this means the ship's cornpjiny were saved a great 
deal of labour. Before the iron tanks were used, the watch was 
employed the greater part of the afternoon in hoisting up and 
lowering down water-casks for the supply of the ship's company." 

Colliers having iron tanks iii the liottom of the hold 
would hy their use avoid the expense and delay of 
ballasting, and consequently perform a greater numljer 
of voyages. Tins wise plan, so fully made public sixty 
years ago, both by practice and precept, has now come 
into f 



Balh^iny oj Ships. 

'•This is effected in a cheap, efficacious, and convenient 
manner, by employing tanks filled with water. The tanks used 
fur this purpose are made of iron, and of shapes and forms 
adapted to the vessels or trade in which they are to be em- 
ployed, actually occupying no more space when not employed 
for the purpose of ballasting than the bulk of the iron itself — 
of which they ore made — namely, in a collier, about the space 
of half a (.'haldron of coaLi, for they are filled with coals when 
not used for ballasting. By this contrivance the expense and 
delay occasioned by taking ballast on board, and discharging it 
from time to time, are entirely done away, and a collier will be 
enabled to perform an extra voyage, or probably two extra 
voyages every year. 

■' Greenlanders go out in biiUast, and are exposed to con- 
siderable rinks from its shifting in stormy weather. By 
wlopliiig iron ballast tanks, the expense and danger of common 
ballast will not only be avoided, but the expense of wooden 
casks for the home cargo will be lessened by filling the tanks 
witli oil, while the ship will also be enabled to bring home a 
mucli larger cargo, and with less waste', the iron occupying much 
less space than wood, and absorbing none of the contents." 

The Adtniraltv were moved to ui^e the water-tanks. 
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and Trevithick asking for au aeknowledginent of their 
u^fuloess was answered by the following letter, written 
on tlie 9th April, 1811;- — "I am commanded by my 
Lords Commifisioners of the Admiralty to acquaint you 
that no report has been yet received relative to the 
iron tanks invented by you for stowing water." 

During 1808, while Trevitliick hoped for continne«i 
occupation on the Thames Tunnel, and profit from his 
patent inventions, he strongly advised his wife to leave 
Cornwall, and with her four little children, to join him 
in London. This troublesome journey was undertaken 
in the autumu of that j'ear. A bouse had been selected 
at Rotherbithe, in a dingy situation, near the mouth of 
the driftway. There had been much correspondence 
about the wisdom of tliis move. Mrs. Trevithick's 
brother, Mr. Heniy Harvey, advised her not to leave 
her home and friends, until things were more settled 
and more certain in London. Trevithick's notes to 
his wife, however, made everything easy and agreeable. 
More than 300 miles had to be travelled in a post- 
chaise, occupied by bei-self and her four little ones, 
the youngest of them a baby. The contrast between 
her clean and fresh Cornish home, and the habitation 
at Rotherhithe, did not help to remove the fatigue of 
the journey, and a further disappointment awaited 
her. In her husband's pocket were two of her last 
letters unopened What reasons could possibly he 
offered for such hard-heartfid ingratitude? Trevithick's 
answer to the charge was simply, " You know, Jane, 
that your notes were full of reasons for not coming 
to Loudon, and I had not the heart to read au^ 
more of them.'" 

On the breaking down of tlie Thames Driftway, they 
removed Ui No. "I'l. Fore Stieet Limeboiise In tin.- 
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yard Trevithi'clc set iip woiksliops for constructing 
iron tanks and bnoys, and model iron ships ; to bis 
wife thia noisy residence could not have been much 
more agreeable than gloomy Rotberliithe. 

During these trials Mrs. Trevithick had the conKO- 
lation of making the acquaintance of a friend in adver- 
sity. Mr. Vigurs, a Cornish acquaintance, had married 
a lady, driven by the French revolution from luxury 
in her native land to comparative poverty in London. 
The two ladies consoled one another over a cup of tea 
and a Cornish pasty at Limehouse ; and on the return 
visit to Bond Street by a sample of French cookery. 

The tank manufactory was under the foremansliip of 
John Steel, with the wooilen leg, who had been with 
Tre\'ithick in South Wales and Newcastle-on-Tyne on 
the locomotive experiments. Mr. Savage and Thomas 
and Rudge were also making iron buoys under the 
patent, twelve of which had been supplied to Govern- 
ment. Sanmel Hambly, who had worked on the Cam- 
borne locomotive and succeeding schemes, kept Steel 
company, both often having to wait for their wages 
imtil it was convenient to pay ; this fraternity between 
Trevithick and his men extended through the Hambly 
family to a brother, old James Hambly, who taught 
the writer to use mechanics' tools, because Captain Dick 
was such a wonderful miin. 

■' T^, FoBE Stbekt, Limbhousb, Lo.s'oon, 
"Mb. Trevithick, '^ April mi,, mo. 

" Sir, — Above you have a sketch of au end section of a 
vessel I measured tliis morning, for a grouud-fier of iron tanks 
to go inlo the South Sea Wliale Fishery, belonging to Mr. 
BIyth, eaii-mnker, Limehouse. 

" The wliolc leiigth of the tanks will be alxmt 50 feet ; across 
the upper surface, 14 feet ft incliis : iho i.thcr two pidca forming 



M 




mux TAKKS. 



a triangle (to suit the lx>ttoin of ttie veawl), Uie perpeiKlipnliir 
line of which is 5 feet; the whole contaiuing tibout 55 dm!'. 




The tiuiks will havu to be made iu leDgths of 7 ami 8 feet ent-li, 
BO as to stand in between the flooring pieces A and uprights A. 
whiuh are ranged all the way along the teelsoa of the ship, at 
the distances of 7 and 8 feet. 

"The vessel being so extremely sharp, the tanks must be 
made of a peculiar form to fit it; of coarse will not easily lit 
any other ; on that accomit it will be necessary to form a coii- 
tract with Mr, Blyth for the time when to be completed, and tlie 
price per ton, together with the mode of payment. A contrail 
must also be made with the manufacturer as to price and lirat* 
of completion ; otherwise wo arc running a great risk in having 
them thrown on our hands, the ship being 
in BO great a hurry for them. 

" On Thursday last Mr. Savage received 

u letter from Mr, Dickinson recommending 

an improvement in the ends of tlie buoys. 

for the better purpose of (as he calls it) l-*ft- 

Imulinff. by having them made round at the 

ends, and a staple for making tlie rope fa^ 

to, one of which they have made, the staple of which is made 

fast with four small rivets, scarcely sufficient to bear tlie weight 

of the buoy itself, exclusive of its buoyancy. 

"Alter de«cantintr a good deal on the supriority of this 
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, he tella him d 



3 iinish or send a 



improvement, 1 

here, but to have the twelve for Government ready for his 

delivery on his amvul home, aiid then concludes with an in- 
sinuation Hial tliese are not kia only reasons why he does not wisli 
anymoreto be sent liere; and it was with the greatest difficulty 
and through the greatest persiiasioQ I was enabled last week to 
procure the two promised to Mr, PiL-kering before you left home. 

"Mr. Savage has made one with rounding ends brazed on, 
and the rings riveted in, the same as in the old melhod. 

"This I conceive would answer a very good purpose, pro- 
vided they had made the end pieees of stronger iron than the 
buoy; but says Mr. Savage if he pni-snes this method tlie 
- prices will have to be advance*!, and in my opinion they are 
already as much as the buoys will bear. 

" Heven of the largest buoys for Government are finished, the 
other five want a few hours' work. Five more are about tlu-ee- 
parts tinislied. And in this situation have things stood uU tin's 
week, in consequence of Mr. D.'s leaving orders on Monday 
mtiruing at Mr, Savage's not to proceed any farther till be saw 
them again; and the Lord knows when that will be ! as he has 
not Iwen seen there since. 

" Mr. Savage was at Mr. I),'s bouse on Tuesday, and was 
told lie would be in to dinner, 

" I called yesterday, am! was told he was gone into the country 
the day before ; but where lie was gone to and when he would 
return again I could get no intelligence. 

"I shall go again to-moirow to HomerHet House, and shall 
call on Mr. D., and if he does not order to the contrary, I will 
cull at Thomas and Jtudge's and htiar what they have to Buy 
about the making of tanks already mentioned. 

" I have to see Mr. BIyth again when he returns from Gravea- 
end and Deal, which will probably be on Saturday or Sunday; 
when I shall very likely write to you again. 

"In the meantime I should like to hear what you have to 
say on the subject. 

" I remain. Sir, 

" Your nwat olicdii'iit si-rviuil, 

.1. .Steki.." 
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This was tbllowLHi by a letter appareiitlv from 
Dickinson, The uami; and date are toin ofJ'. 
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■• Mr. TuEviruiLK, 

" I havt; tinly just received the letter aent you by Cock- 
Hliott's attorney so lung ugo as the 6th, and wliieli you had 
detained till the 11th, although it states tliat the expenses are 
going on, &c. This is most tiiiaccoun table. 

•• Steel has never yet furnishe 1 me with Thomas and Budj^'a 
at^count, made out as I desired a week ago. Tliia is a c-on- 
liiiet not to be allowed. 

" I have a letter before me just received from John Steel, 
Horael'erry. for iK)/. for barge hire. These with the aeeeptunces 
1 am under, and the »^uins I have paid alrciidy, make mo \ie^\u 
to look about me, and for once to express myself diaHattsfied 
generally. 

" It is bnt of little use I know, and for me to attempt to t«ke 
any part in the management were ridiculous; and even Mr^. 
T. has rtatly ubjerted even to my sons being in the lioiise ; stp 
that on the whole, to know anything about it, I ranst give my- 
self wholly up to it. 

''I am mud) dissatisfied with the neglect of 8teel as to the 
keeping accounts, as well as other things; seeing ilmt half his 
time, I shall say nine-tenths, he does little or nothing. It were 
easy for him to have made a temporary set of books for the 
present, and to have entered every transaction, had it been only 
for my satisfaction. 

" The way we are going on I shall tire of, finding sums of 
money, and nothing done. 

"It were better that Perm's engine had never been under- 
taken, than that it shouhl keep back, as I suapoct it does, eJl 
other things. 

"A coal engine, with the caboose, might and should have 
been ready. 

""The fird towing machine should have been got on with im- 
mediately on tiie others failing; not an hour ought to have been 
lost in applying to your frit:nd Uavies tiiddy, as a slepping-fitonc 
to Lord Melville. 
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" Since the tanks ciimt; home I'rom the unfortunate Margate 
expedition, Steel might liave iaeen delivering the jmiited letters 
to the captains, and trying, at least, to giit tli«!m on board ; but 
really this man appears to me to be of very little use in getting 
things forward. The buoy si'herae might, through him, have 
been forwarder ; in short, he might if he had been atitive, have 
been doing many things which have stood still. 

" On the whole things begin " 

Steel had to obey both Dickinson and Trevithiek, aud 
did not approve of the former's interference in engiueer- 

. ing matters. Trevitliick put the lawyer's letter in his 
pocket, a.nd allowed it to remain there unnoticed. Steel, 
like Trevitliick, was a poor hand at furnishing accounts. 
Things were going wrong; money went out faster than 
it came in. Dickinson wished his sous to look after 
what was going on at the house and workyard, but 
they were refused admission to the house by Mrs. Trevi- 
thiek. An account-book in Trevitliick's writing shows 
that John Steel, Samuel Hambly, and Samuel Rowe 
were in constant pay in the workshop. Steel was a 
Newcastle-upon-Tyne man : lie had been with Trevi- 

I thick for seven or eight years ; the first mention of his 
name Ijcing in connection with the "Welsh tramroad 
locomotive as engine foreman in 1804. 

Samiiel Hambly, a cousin of Mrs. Trevithiek 's, and 
Samuel Rowe were still older bands, having worked 
upon the first high-pressure experiments and the Cam- 
borne, London, and Welsh locomotives: both Hambly 
and Rowe were Comishraen ; these men peribrnied an 
impoi-tant share in bringing those inventions into use, 
and often coutinued to work when there was not the 

I means of paying them their wages. 
The unfortunate Margate exj)edition is very cliarac- 
teristic of Trevitliick's readily ap]ilying him.self t(i new 
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requirements; two vessels and sixteen men leflt Loodott 
for Margate to raise a sunk sliip. After nearly a month's 
latiour, an attempt was made to fasten iron tanks to the 
vessel : one man refused to wet his feet, another was 
willing to fasten the tanks, hut refus^ed to put the Iwlts 
into their places for the purpose of fastening; othem 
would not go unless they could he brought back to their 
lodgings on shore, without the risk of being obliged to 
sleep on board a gun-boat. It was a case of mutiny. 
The account goes on to show that during forty-two days 
the men only worked on the sunken wreck six hours 
each, at an average cost per man of 23?. 

The late Mrs. Trevithick informed the writer that 
the vessel was really raised, and was being 6oated into 
shallower water, when a dispute arose about the pay- 
ment. Her husband wished an immediate "yes" or 
"no" to his bargain. The shipowners wished to defer 
the answer until the ship was safe. In a moment the 
tanks were cast loose, and the vessel was again a 
sunken wreck. 



"Description of the Proceedings at Mawgate. 
In TrevithickV handwriting: 

"January 'iOth, 1810. — Trevithick and Dicldnson engaged 
aixteou men witli two vessels and ciews to go from Loiidun to 
Margate to recover a Bunkeii ship. 

" These men were engaged at 10s. Gd. per tide when at wnrk, 
and 78. Qd. when idle or not able to work. They were providitl 
with victuaU and drink and Ktdgings. 

"Oq the 4tb Febraary, it being low water at five o'clock in 
the evening, Mr. Trevithick called on George Nicholls and 
four of his partners to go off to the sunken ship, which lav 
about fonr miles from tiie land ; a guii-briy being stationed by 
order of the Admiralty, near the ship, for the purpose of pro- 
tecting those men and the wreck, and aasitttinjr ns, 
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" About three o'cloc-k in the uftemouu uf the ith Febnmiy, 
tlie boats belonging tu the gnu-brig ivure isent oa bIioi'l' to take 
these menofl' to the wreck : George NichoUs and four ol his 
^partners refiiaed to go ; one of them said he ehouUl not wet his 
^ibet, another said he did not cotne down to bore holes, and put 
Burews into the ship's sides ; that when the work was done, 
ready to put on ttie tanks, that then he should have no objection 
to gii off to the sliip and lash on the tanks, but he would be d — 
if he did any more. 

" The cither three said they would not go, unless the gnn-hrig 
bouts would bring them back again to their lodging that snuiL' 
evening. 

" My answer was that I woidd request the officer in the boat 
to take them back that evening, and I did not doubt but that 
he would ; but if he would not take tliem lack, the tide would 
not permit us to work ou the wreck later than seven o'clock 
that evening, and tliey would then go on board the giin-boet 
and wait until ten o'clock, at which time there would be water 
to float one of our own ships out of Margate Harbour, and then 
thoy could go to their own iiamraocks on board our own sliips. 
Their answer was, we will be d — before we will go on board 
the gun-brig." 

This application of iron tanks must have been widely 
known, for shortly afterwarde he was consulted by 
Lloyd's on the means of raiding, under similar circum- 
stances, a sunken bhip. 

, ■' COhswall, Camborne, ^WA Mareh, 1812. 

" Mr. Brackenbdby, 

■•Llol/d-S A'JiKt. l.io€,-i«oL 

" Sir, — I have yours of the 14th, enclosed to me by Mr. 
Giddy, in answer to which, respecting the lifting of sunken 
vessels by wrought-iron tanks, the practice has been tried in 
London, and fully answered the purjwse of raising vessel and 
cargo. 

*' I can make and send to Liverpool any number or size of 
tanks you wisli. The tanks made for London would lift about 
ti-n t*ins each, biit 1 should prefer it larger A7.l\ uIhjuI 7 feet 
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diametor and 2U feet long. Eight tanks would lift a 30(Mob 
ship, unless she was loaded with iron or some very heaiTT 
cargo. The expense would be about 2001, each tank. 

'- Four tanks will lift a ship of 3UU tons, unless loaded with 
an uiiiisuaUy [wnderous cargo. 

■■ If you wish to have a drawing or a model, to bIiow tbu 
elTect iu a small \(»y, please to write to me, and I will foniisb 
jou with every necessary for the purpose. 
"I remain. Sir, 

" Tour very humble servant, 

" Richard Teevithick." 

Tilt' tanks used at Margate lifted each of them 10 tons, 
hilt larger ones would be prefei'able, 7 feet in diaineter 
ami 20 feet long. His mind was running on his con- 
templated Cornish boilers, the first of which on a large 
Bcile was made in the latter part of that year, and did not 
differ much from the dimensions of the proposed tanks. 
The number and cost of the tanks required to raise the 
sunken vessel, and a drawing of their application, or a 
model of the ship with the tanks attached, was offered, 
making the whole business plain and distinct as though 
tlie designing it was niere child's play, and the putting 
it into execution the work of an intelligent boy. 

Trevithick made no profit by the valuable inventioit 
and practical introduction of iron buoys and tanks. 
Mrs. Trevithick said that when at that period her hus- 
band was imprisoned for debt for the money he had 
expended in making known tlie usefulness of the tanke^ 
Mr. Maudslay visited him, and expressing his concern 
that so clever a man should be shut up iu prison, asked 
what the debt was, and what he intended doing with 
the patent. Trevithick replied that the patent had done 
him more harm than good, though he was sure it wae 
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ail excellent thing ; and on a sum of money being 
tendered in exchange i'or the patent, he was once more 
a free man. 

Harry Maudslay was then spoken of aa an excellent 
smith, and was the founder of the engineering firm of 
Maudslay, Son, and Field; hie handywork helped some 
of Trevithick's schemes, and he ib said to have profited 
by tlie manufacture of the patent iron tanks, the right 
to which he had bought. 

Penn at the same time, now more tlian sixty years 
ago, was also employed by Trevithick to construct a 
coal-discharging engine, with st^am-cooking apparatus, 
and a steam tug-boat, under the patents of 1808 and 
1809, together with some other marine ateara-engine, 
then in hand, probably the adapting to steamboat pro- 
pulsion the locomotive ' Catch-me-who-ean ' of 1808, 
whose first application had been in the dredging barge 
of 1803, and was now in 1810 to propel a Lord Mayor's 
barge. Trevithick's eldest son ftill recollects seeing in 
1809 or 1810 in Cockshott's yard an old Lord Mayor's 
barge in which his father was placing his high-pressure 
steam-pufier engine. 

Lord Melville's influence was sohcited for the encou- 
ragement of the Government in making useful such 
novel schemes, but the want of support and debts in- 
1 curred ended in an attack of brain fever and postpone- 
ment of the useful marine steam-engine. 
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TrevUhick and Dickinson's Speeifieation of 1809. 
"The first of our said iiiventious or improvements is, s mov- 
able caisson or Hoatdng dock, made of wrought-iron [)la(<« 
riveted together, or fastened together by screws, or in nny 
other secure maimer for docking a ship or other vessel of 
considerable size while riding at her moorings in any suitahlr' 
deptli of water, by means of which the said ship may be sup- 
ported as in a common dock, and the water pumped ont so as 
to leave her keel dry in a few honrs, witliout removing any of 
her stores, masts, or furniture. The said caisson or floating 
dock may bo made of any convenient size or dimensions, but 
for the sake of precision in our description thereof, we shall 
mention certain dimensions fit to receive the largest first-rate, 
at the same time that we shall describe its form and struetan-. 
The internal figure of the said caisson or floating dock resemblea 
that of a lioat, and it may be made of Mroiight iron lialf an 
inch thick, and 220 feet long aiid o4 feet wide and 30 feet deep, 
with a flanch 6 feet wide extending horizontally outwards from 
the upper edge for the workmen to stand upon, and also to 
strengthen the caisson ; the weight of such a caisson or floattog 
dock is nearly 400 tons, and it is surronnded by an air-chamber 
or by air-chambers riveted water-tight to its external surface, 
which renders it so buoyant that it will draw only 9 feet water 
when the said air-chamber or air-cbambers is or are empty; 
and the said air-chamber or air-chambers dotb or do consist 
of wrought-iron plates riveted together, so as to form a 
cylindrical Jiollow protuberance extending along the sides of iho 
caisson horizontally, and of a figure which in any of the vertical 
sections thereof would jjresent a semicircle, or outline nearly 
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npprnacliing to a seroidrde, which is the best outline, althimgh 
other outlines may be used ; and the said air chamber nr 
<'hanibei's contribute much to atrcngtUen the caisson or dock, 
and Biipi>ort liie principal shores from the ship, and the strength 
of the caisson may be still further augmented, if necessary, by 
edge bars within. The method of using the said caisson consists 
in taking it to the ship intended to he docked, and then the 
water is to be let into the caissons by an opening with a valve 
at the bottom, anil the caisson is to he suffered to sink until the 
upper part is even with the surface of the water, the air chamber 
or chambers still keeping it buoyant ; a small quantity of air is 
then to be discharged by opening a plug-hole, or a valve in the 
air chamber or chambers, until a quantity of water has been let 
in just sufficient to sink the caisaon, which is then to be drawn 
under the ship's bottom. This being effected, the caisson (of 
which the residual gravity or preiKJuderancy for sinking is very 
little) is to be raised to the surface of the water by ropes made 
fast to the caisson from each quarter of the ship. A pump placed 
within the caisson is then to be worked by niaimal hibour, or any 
suitable power; but we prefor for thia purpose a steam-engine; 
oueofl2-horse power, placed in a barge alongside the caisson, will 
empty it in three hours, and reduce the draught of a first-rate 
ship of war 8 feet, namely, from 26 feet to 18 feet, and then she 
may he carried up into shoal water' if required, because the caisson 
will float with the draught oConly 18 feet, while the ship she carries 
would have required 26 feet. As the ship is to be supported by 
props or shores as if in a dock, it is manifest that the external 
pressure of the water against tlie caisson will suppoit the ship, 
and she vrill ride with all the stores on board, and masts stand- 
ing, nearly as easy as when floating in the water. The advan- 
tages of this invention for inspecting the bottoms of ships in an 
extremely short lime, and of docking them in places where that 
process would else have been impracticable, and of carryiugthem 
over bars and shoals, are too obvious to require any detail ; and 
if at any time the caisson should, from blowing weather or any 
other cause, be thought inconvenient, it may be cast off and 
siifTered to sink to the bottom, and may be afterwards weigheil 
vith as little inconvenience as raising an anchor. 
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'* The second of our said iuyenUoits is, to build in tbe same 
manner as the floating dock, not Bmall craft fit for canals iind in- 
land navigation, such having been long in use, but ships of ww. 
East Indiftinen, and other largo decked vessels fit to navigate 
the ocean. In such ships we mean to make the decks as wdlas 
the sides of [ilates of wroui-ht iron, riveted or joiue<l by screws, 
not only to each other, but to the sides of the ship, and to support 
tbe decks with wrought-iron beams. Sliips so constructed will 
possess the following advantages : they can be built at much leas 
expense than wooden sliiiis of equal dimensions, the material li 
not only a home production but iueKhaustible ; tliey will !« much 
lighter and of greater capacity than a vessel of eqnal oostide 
dimensions built of wootl, and will consequently carry a larger 
cargo, while they will be also much stronger, safe against fire, 
tight in a gale of wind, require neither caulking nor copper 
sheathing, will defy all mischief from vermin, will never become 
unhealthy, and will he extremely durable; they will also liave 
this advantage, in a battle there can be no splinters; a shot will 
carry away no more of the ship's side than the diameter of the 
ball, the hole may be instantly plugged, and the damage can be 
repaired at sea. 

" The third of our said inventions or improvements doth consist 
in making masts, bowsprits, yards, and booms, of wronght iron, out 
of plates rivetetl or screwed together in hollow or tubular forms. 
These masts being hollow tubes, the upper mast may be made to 
slide into the lower mast, as the inner tubes slide into the outer 
tube of a pocket telescope, or they may be struck exactly in the 
same manner as the woo<len masts are at present, but we prefer 
the forintT method, because by making the masts in a sufficient 
number of sliding pieces, the whole may be lowered by means 
of ropes and pulleys successively, till all be as low as the dock ; 
an arrangement which affords to a ship in the case of a storm 
that advantage which is endeavoured to be obtained by cutting 
away masts made of wooti. When tlie storm is over, these masts 
may be raised again to their first situation and original utility 
with great ease. The bowsprits, when so wanted, may also bo 
made in sliding pieces like the masts. 

" The fourth of our said inventions or improvementit dotli 
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consist in the prepanition of timber, by seaBoiiiiigtliesnmomosf. 
pfl'ectually and in a very sliort time, and also by giving sny re- 
quired curvature during tlic seasoning process which shall after- 
wards continue perfect and invarinhle. For these pur[iosGs we 
place the said timber in iron elianibers, disposed over a long 
horizontal flue which comiunnicatea between a fire-place or 
furnace and an upright or ascending chimney. The heated bit 
and smoke which has passed through the fire, and is inciipa!>le 
of producing or inainbiining any combustiou in the wood, is 
aiUnitted into tlie said cliambers by regulated openings with 
danjpers, and so thoroughly lieats the said wood tlnit the crude 
^p and pyrolygnic acid become evaporated and driven out, and 
', if required, be colieeted for use in manufacturing processes ; 
id by this treatment the wood becomes firm, hard, thoroughly 
^ry, and veil seasoned throughout its whole substance ; and we 
do construct some of our said chambers with a curved side ol' 
such a figure as it may Ijc required to give to the wood by bend- 
ing; and we do, by means of screws, chains, or bearing pieces 
suitable to the figure intended to be produced, the form and 
application of which will be readily approlieiuled without any 
-further instruction by any competent workmen, gradually com- 
!8S and bend the said wood against the said curved side, during 
time of the said seasoning beat, until the desired flexure is 
uced therein ; and we do sutler the said wood, so bended and 
lasoned, to remain, uutU cold, before we proceed to shickenor 
ilax the actions of the said chains, screws, or bearing pieces; 
or otherwise, instead of making a curved side to the chamber, 
we do place or fix within the sjxid ihnmber such curved pieces 
or pins or reaction pieces as may be suitable to the eft'ect and 
figure required to be produced. 

'■ The fifth of our said inventions or improvements doth consist 

a method of framing or putting together the hulls of ships or 

vessels. The said method consists in substituting, in the place 

thoee pieces which are disposed between Ihe outer and inner 

ilankiug, and are called ribs or timbers, a double range of 

straight-grained pieces of half the substance, more or less, and 

long as can be conveniently obtained, the same being bended 

to the proper figure by the means before described, and placed 
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contiguous to each other between the outer and inner planking, 
with ihe joints, as far as possible, from being opposite each other, 
and the whole is secured by bolts or treenails as usual or other- 
wise. The said pieces may be disposed, not upright or at right 
angles lo the keelson, but oblique, the inner range of these 
pieces being inclined forward on the one side and aft on the, 
other side of the ship, as they rise from the keel, and the outer 
range of these pieces being inclined in the contrary direction to 
that of the inner range wliich they cover, by which arrangemeDt 
the said ranges do act with regard to each other as diagonal 
spurs. 

" The sixth of our said inventions or improvements ia, bnoi^s 
made of cast-iron or of wrougbt-iron plates, screwed, brazed, 
soldered or riveted together, so as to form a hollow wnter-tight 
vessel of any shape or size that may be requisite. The advantage 
of these buoys ia, that they cannot be injured by worms or imbibe 
water to make them lose any of their buoyancy, and conse- 
quently that they will at all times float higher and be better 
seen tlian buoys made of wood. 

" The seventh of our said inventions or improvements consists 
in a method of working an arm or lever attached to a steam-engine 
for the purpose of hoisting, pumping, rowing, or other similar 
works in naval aSairs. To effu'ct this the piston-rod of a steam- 
engine is racked on one side, and drives a wheel, or a portion of 
a wheel, whicli has a horizontal axis, with an arm of considerable 
length attached thereto, The whole of the said apparatus, and 
the steam-engine for working the same, which we usually ood- 
Btruct of about the weight of one ton, may be placed on wheels 
and conveyed to different parts of tlie ship; and the said arm, 
which may be varied in its length as well as in the inclination of 
its positions at the ends of its stroke, may be employed in 
hoisting a basket of coals successively out of the hold of a ship, 
and conveying the same by means of a rope of suspension, to the 
gangway ; or gooils may in like manner be hoisted and carried 
over the side, and, in cases where the hoist may prove too long 
for the circular motion of an arm to carry the goods sufHciently 
high or with due perpendicularity, we avail ourselves of a runner 
or rope, one end of which is made fast to the deck, and the other 
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Serves to seize the goods, while tlie liiglit or bend of the rope 
pesses over & sheave or pulley at the extremity of the arm ; and 
-by this contrivance every Gcamau and raeuhanic will be aware 
tlmt the hoist is rendered more direct, and the rise and fall 
iiearly double ; and further, we do apply the said arm to pump- 
ing ship and other like uses ; and when the said arm is passed 
over the side it may be employed to work a paddle or rowing 
board of the usual construction, or a. rowing trunk of the con- 
Btruetion hereinafter described. 

"The eighth of our said inventions or improvements is, a 
rowing trunk, tube, or prismatic cavity. Whtin the stroke of an 
oar or any similar implement is made against water, for the 
purpose of obtaining a reaction as nearly as may be similar to 
that of the resistance of an immovable body, part of the force 
ia lost in producing a lateral motion in the water which escapes 
eideways, and the blade of the oar is far from being stationary. 
If the oar were to pass in a channel to which it is fitted, and the 
channel were of such dimennions as to present a great length of 
water before the oar, which could not otherwise move than by 
passing out of the channel, it is demonstrable that the said mass 
of water may be assumed of such a raagnitiide as to render the 
actual motion of the oar, by a given force and during a given 
time, less than any assignable quantity. We have availed our- 
selves of the foregoing con side rati od a in our rowing trunk or 
tabe. It consists of a tube of considerable length disposed 
horizontally in the water, and the strnke of rowing is made by 
means of a piece of the nature of a piston with valves, which is 
acted upon by the rowing arm and shuts the valves; but in the 
return of the stroke the valves open, and the said rowing trunk 
or tube being attached to the vessel, and its contents having 1oo 
much inertia or resistance to receive much velocity from the 
piston, the vessel itself and the (nbe are carried along with much 
more power and effect that by common rowing. If the tube 
itself be maiie movable and attached to the rowing arm, and 
there be a stop within of the nature of a valve to shut against 
the stroke, and open with the return, the effect will be the 



"And lastly, the ninth of our said inventiims or improvements 



308 SHirS OF WOOD AND IRON, AND IRON TAMKS. 

consists ia the adaptation of various particulars (»' additioim] 
parts miide of iron, and conducing to the comfort and better 
subsietencc of mariners and others, unto the boiler of the steam* 
engine that may be used for the forenientinned purposes, tliat is 
tu Bay, in the npper part of the said boiler we insert or fix a 
vessel, either single or divided into comimrtraenls, for boiling 
provisions in water, or cooking the same in steam ; and in the 
part of the said boik-r opposite the fire-place we insert or fix an 
oren surrounded by a space communicating with tJie chinmey, u 
that the walla of the said oven sliall be surrounded by heated air, 
aTid not ill contact with the wat*r ; and further, we do adapt and 
apply to the boiler, or to the place of escape at the steam-cock, 
any of tlie apjwratus heretofore in common use for condensing 
st«am, in order to jirocure fresh water; and we do apply and 
use the said last-mentioned addition to the boiler either sepa- 
rately or together as may be required, 

"In witness whereof, we, the said Richard Trevithick and 
Kobert Dickinson, have hereunto set our bands and seals, 
twenty-eighth day of October, in the year of our Lord 
this one thousand eight hundred and nine," 

A ranvable caisaon or floating dock, made of wrought 
iron, of such capacity that the largest first-rate of that 
day, in fighting trim, might in a few hours be dry- 
docked, was an undertaking wortliy of Trevithick. 

The internal figure of tlie floating dock resembles 
that of a square-sided boat, ma4e of wrought iron, half 
an inch thick, 220 feet long, 54 feet wide, and 30 feet 
deep, with a flange 6 feet wide, extending outwards 
from the upper edge, giving strength and a convenient 
platform for workmen to stand on. Large semicircular 
air-cbambers, extending the whole length of the ex- 
ternal sides, sufficed to float it when full of water, and 
gave strength to its sides. It would weigh about 400 
tons, and when floated to the ship, valves allowed the 
dock portion to fill with waler, which brought it down 



SHIPS OF WOOD AND IRON, AND lltON TANKS. 

to about the top line of air-chambers; the bottom line 
of air-chamtiers was then filled until the dock was almost 
betwixt sinking and floating, when by the use of chains 
it was hauled under the bottom of the floating vessel, 
and again raised as high as convenient, the vessel being 




inside; the water was then pumped out of the air- 
chambers, causing the top of the dock to rise above the 
water-line, after which the dock and vessel might be 
floated to shallower water, A steam-engine pumped the 
water out of the dock in three hours, raising its top 
about S feet above the floating water-line of the vessel. 
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One end of the dock might be removed, thus allowing 
the vessel to be more easily floated into it. 

Iron had before been used in constructing small craft 
for canals and inland navigation; but not for ehips of 
war, East Indiamen, or other large vessels fit to navi- 
gate the ocean. The reasons why iron should be used in 
preference to wood were seen clearly by TreWthick at 
first, as they are now known with sixty years of expe- 
rience. His last reason of the many good ones was, 
[lerhaps, better understood by him then than it is now, 
and the day may still come when, instead of trying to 
keep out an enemy's shot, it will be allowed to go 
through with the least amount of damage, soft tough 
iron being used in the construction of fighting ships. 

The invention of hollow wrought^iron msists and yards 
and the method of sliding one into another, like a pocket 
telescope, bringing all down to the deck level, has not 
been made practical during the sixty years since Trevi- 
thick recommended their use; but his working model 
and detail description show that he believed it prac- 
ticable. 

The bending of timbers or planks for ship-building 
was to be performed in an iron chamber, having screws 
so placed that from the outside they might be worked 
to force the timber inlo the required curve. Hot air 
and coal smoke or gas, passing through the iron 
chamber, heated the wood, causing it to bend freelv, 
and at the same time the sap to evaporate. 

The doing away with the ribs or bent framing of 
ships, substituting a double layer of planks, phiccd dia- 
gonally, was a method of ship-building since known as 
"diagonal planking," and much used in the present 
day. 

The sixtli invtnlion, tliat of wrought-iron buovs, 
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has since come into general use, especially where, as 
Trevithick points out, buoyancy is required; and non- 
liability to injury from worms. 

The seventh invention was an improvement on the 
nautical labourer of the year before, and might be 
called the " steam-arra." ' The engine and boiler com- 
plete, weighing a ton, was moved about the deck on 
wheels. That part of the piston-rod extending beyond 
the cylinder was a rack, and worked a toothed wlidel, 
on the axis of which an iron arm or lever was fixed, 
which could be lengthened or shortened at pleasure, 
probably by sliding on the axle with tightening screws, 
making a sort of steam-crane. Suppose coal was 
being discharged in the ordinary bawkets, the basket 
in the hold would be hoolted on to the rope attached to 
the end of the steam-arm, then about horizontal ; turning 
on the steam caused tlie toothed wheel to make a portion 
of a revolution, causing the arm to rise to the required 
height with the attached load. Should the lieight to be 
lifted be greater than the length of the arm, the bight 
of the whip-rope worked on a pulley in the end of the 
arm, so that the space moved through by the basket 
was twice as much as that moved through by the end 
of the arm. The toothed wheel on tlie same axis as the 
arm could also be changed in size, to suit the speed and 
power required. If the pumps had to be worked, the 
steam-arm Wiia shortened to suit the stroke of the pump. 
If the windla.ss had to be worked for lifting the anchor, 
.rping the vessel, or other purposes, the steam-arm 
[Was attached to the ratchet-lever on the windlass ; if the 
'e6sel had to be rowed, the steam-arm moved a paddlo 
ir rowing board of other construction. 



' See pateol, 1808. PTupellitig Vessels, 
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The eighth invention was devoted to the method of 
making this rowing arm effective by preventing the 
slip or escape of the water from the face of the oar or 
float-hoard, by caueitig it to work Hke a pistou m a 
pipe, the sides of the pipe preventing the slip or dis- 
persion of the water, except in tlie direction mo^ suit- 
able for propelling the vessel. The pipe was attached 
to the side of the vessel below tlie water-line, the steam- 
arm moving tlie piston backwards and forwards ; the 
piston was a kind of thin hoop with a large valve, 
like a purai)-bucket, except that the ^alve was larger. 
When the piston moved toward the bow of the vessel, 
the large valve oi>encd, allowing the piston to move on 
its fdrward stroke without resistance; on the return or 
back stroke the valve in the piston closed; then the 
solid piston being forced against the water in the pipe, 
caused the vessel to advance. 

The real object and value of these two last inventiooH 
was to make his high-pressure portable engine so simple 
and manageable, that it should do almost any of the 
ship's work raore effectually and at a much less cost 
than manual labour. Sixty years have sufficed to bring 
into partial use the present donkey-engines, -which are 
the growing representatives of the original nautical 
labourer and steam-arm, but they have not yet per' 
fornioil one-hali" of what Trevithick intended they 
should do. 

Tlie ninth invention in this remarkable patent proves 
the ooustant tendency of TrevitUick's genius to elevate 
man, bv making matter subservient to Ins wants. 

The Ixiiler of the steam-arm is to "conduce to the 
comfort and kHter subsistence of mariners," by inserting 
in iiji top an iron vessel having one or more comjiart- 
nu'uls in which pi-ovisions ai-e lx>iled in water, cooked 



"Prospectus addressed to the consideration of His Majesty's 
Ministers, the Rigid Hon. the Lords of lite Admiralty, and 
others. February IQtk. 1809. 

pA liniKy Dedciuitiom or i. Wbought-ibos Movable Caibson witu a 
DnbDBB, FOB DocKiNO A Saip while IEiuiko at her Moorimqs. 
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in steam, or roasted in an oven, and the ship's company 
supplied with fresh water, hot, if required, from the 
steam given ofl'hv the salt water in the boiler. 

A pamphlet was published, from which the following 
is extracted : — 

I 

^1 " This plan may be praftised in all countries, and must be 
^rpftrticiiIarlyndvLintagt'Oug where there are no dry docks or flow- 
iug of tide. Ships on many foreign etationa when requiring to 
be doL'ked are now obliged to be sent liome, at a great expense 
of money and waste of lime, others being sent to replace them. 
This may be avoided in future. Docks made in England may 
be sent out in pieces of five or six tona, with the necessary rivets 
and bolts, ready to bo put together where they may be wanted. 
Such a doek would last for twenty years without repair. \\'hen 
worn out it may he broken up, and will sell for one-third of 
its original cost, 

" By constructing this cnisson, adapted to local circumstances, 
ships of war and merchant ships, with all their stores and 
cargoes on hoard, can be carried to wharfs and storehouses up 
rivers, where tlie ch-ptli of water is not above orte-half the ship's 
draught. For example, in the river Clyde the ships may be 

I carried to Glasgow, instead of being obliged to unload at Port 
Glasgow, some miles lower down the river. 
"For a long period the only means employed to effect the 
'bending of ships' planks was by exposing them to the heat of 
open tires, and in most parts of Europe this is still the practice. 
As hitherto conducted, it has been found to be a tedious, 
slovenly process, attended with a great expeuse of fuel, and 
unequal in its effects, some parts being only partially heated, 
while others are burnt, Anoflier systtui was therefore resorted 
^L to, that uf employing steam ; aud it must be allo\ved that this 
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mode of bending has been found to answer, so fjir as the iut«rest 
of the sliip-huilder ia concerned. But ship-owuurB have suiTered 
from its effects. It is possible by means of steam to give the 
required degree of flexibility to planks ; but st€am of a degree 
of temperature high enougli to destroy the vegetable sap can- 
uot be confined in vessels of any reasonable strength. Wood 
so treated has been found liable to u sudden decay. The dura- ■ 
bility of charred wood is confirmed, by bein<j found in burnt 
niiiiB free from decay after several hundreii years. 

"The process now recommended is for heating both planks 
and timbers without steam, and in such a manner tliat they 
may be envelojted and equally surrounded on all sides with hot 
air and smoke, the coal-tar contained in the latter entering at 
the same time tlie pores of the wood, and acting as a feeder. 

" This process ia so conducted as to prevent the wood from 
being burnt by it; all the air that reaches the timbers while 
under process being previously obliged to pass through the tire, 
and being by that means deprived of its oxygen, on that prin- 
ciple which maintains combustion. 

"The means employed to effect this are horizontal cuni- 
linear flues, made of cast iron, adapted to the forms intended 
to bo given to the wood, and furnished with a powerful but 
simple apparittus for applying the force requisite to beud the 
timbers into the required form. The heat can be so managed 
as to give at the same time the degree of chai-ring requisite for 
the preservation of the timber against wet and dry rot." ', 

Mrs. Trevitliick spoke of a very pretty model at 
a scale of 1 inch to 8 feet, ehowing a first-rate ship, 
fully rigged, enclosed and floated in a dock of thin 
iron. It was sent to various places to make the plan 
known, and so was lost. A rudder was fixed to the 
dock for steering it, or it might I>e made in pieces, 
lor a foreign country, and be there riveted together. 
During 18G9 a floating dock, with a rudder, was towed 
to Bermuda; and a steamer of 150 tons burthen was 

' rniniililft, lOlli b'L'lini^iry, 1800. 
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constructed in England, in separate pieces, or plates, 
to be sent to the White Nile, there to be riveted 
together. 

The particular advantages of floating doclis in coun- 
tries not having the rising and falling of tides, arose 
from vessels in such situations having to he sent great 
distances in search of a dry dock. 

Timl>er had been beat liefore the date of Trevithick'H 
patent by exposing it to tlie heat of an open fire and 
to steam, the latter plan not destroying the sap, while 
the open fire was mimanageahle in the uniform heating 
of the wood and in the difficulty of bending, both of 
which were given in the iron flue ; while the coal-tar 
contained in the smoke entered the pores of the wood, 
preserving it, and may be called the origin of the 
modern most approved method of creosoting wood by 
heated coal-tar. 

In addition to the pamphlet a long statement of the 
advantages to flow from the patent was sent to " The 
Honourable the Commissioners of Hia Majesty's Navy," 

" We presume that our plan goes to obviate moat of the evils 

mplained of in Lord Melville's letter to Mr. Perceval. 

" By our process we give a greater degree of curvature than 
is required for sliips' ribs to a piece of oak fourteen inches 
square and fourteen feet long. 

" ybips' ribs standing perpendicular] y, as they now do, instead 
of holding by each other, require, ahtolutely require, to be held 
together by other and collateral meuna, namely, the planks 
and liuiug. Hence the longitudinal strength of a ship depends 
on these same ])lanka and lining, and not at all on the ribs, 
whose disposition of themselves is to diverge and tumble to 
pieces, instead of leaning against and bracing each other, inch 
by inch, throughout the whole ship. Ships' ribs, as we purpose 
to place them, are to he split, and cross each other at uU points, 
HJ^e one sett stretcliiug diagonally towards the head, and the 
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tA fiifmn^ a dtagonal stay, not &t 

the loaenge, diamond, or lattice, <x 

in whidi aae the starting of a plank wonU 

We Itare a model and drawings exem- 

iMA we desbe to be pennitted to exbibiL* 

Tbe vinDO' in Uke race of h0meward-lK>uiid clipper 
te»«Lip8 m 1869 was biult on tbe diagonal principle. 
The expoience therefore of sixty jears has proved tlie 
CDrrectneas of Trevithick's plans. 

In 1835 tbe writer was employed in putting- engines 
on board the ' Diamond/ a new steamboat on the Thames, 
cvmtpeting for the traffic below London Bridge, and &pe- 
ciaDy boilt to excel the others. The outer planking 
was horizontaL hacked by two thicknesses of diagonal 
planking: thu;s the whole ihickne^ of the ship's side 
was but 3| inches, while a few iron knees tied the deck 
timbers to the ship's sides. The vessel was 145 feet 
long, Eaigines of 40-horse power gave her a speed of 
12J miles an honr, the greatest that had then been 
attained on the Thames. 

Diagonal planking is now generally adopted in bnild- 
ing life-boats ; its usefulness is still extending, and the 
writer believes one of Her Majesty's favourite yachts 
was so constructed. 

A memorandum in Trevithick's writing, without 
ilate, but endently of about the period of the patent 
of 1809, gives his views of the detail of an iron sailing 
ship. Tbe necessary calculations for the parts are 
jumbled up with the writing, as he proceeds with the 
description. Unfortunately the drawing he refers to 
has disappeared. The vessel was for a trader, carrying 
300 tons, drawing 8 feet 3 inches. Tbe length 70 feet, 
width 35 feet, depth of hold 10 feel. The keel 1 inch 



SHIPS OF WOOD AND IRON, AND IRON TANKS. 31( 

thick, the vessel's bottom f of an inch thick, the sides 
^ an inch, the deck ^ths of an inch, and the gunwale 
^ of an inch thick, the whole riveted together and 
strengthened with iron ribs in the hull. Three iron 
keels of 2 feet in depth and 2 i'eet apart gave strength 
to the bottom and helped sailing qualities on the wind, 
while the great breadtli enabled her to carry canvas 
without taking ballast. The weight of the vessel was 
70 tons. The masts and yards were wroiight-iron tubes, 
the shrouds and stays were iron chains; each of the 
two masts was supplied with a square sail 50 feet higli 
by 44 feet wide, its larger half Ijeing aft of the mast, 
as a lug sail. This aft or long end of the fort-yard 
was connected by a chain with tlie fore or short end of 
the yard on the main-mast, thus making the two sails 
balance one another to save labour in trimming them. 

The yards were centred on the masts, and could be 
lowered down, while ttie sails fixed to the yards reefed 
themselves by rolling on tlie yards as a roller-blind. 
Studding sails had two-tliirds the spread of the square 
sails, the yards for which slid into the hollow main- 
yards when not wanted. Such an iron vessel would 
not disgrace a builder of the present day. The jiecu- 
Harity of reefing by rolling on the yard has since been 
tried with some success. 

The pamphlet of 1800 thus speaks of the tubular 
iron mast, and establishes the date of the drawing arid 
memorandum referred to : — 
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" Sliding tubular masts, made of iron, and so constructed that 
upper ones slide into the lower in a manner somewhat hke 
a pocket telescope. 

" A model of one for a first-rate ship, on a scale of one-eightli 
of an inch to a foot, is now ready for inspection. 



SB aos or wn^ axd noai; akd ibon tanks. 

* Urn ■AiriB' ^am, bcng Uf «■ indi thick, and the suae 
feo^K ^id ^HMftr a» » ««h4 bm^ will be l^htcr, coniider- 
id^^im^L.mmAm!ifm iiHp,i>i lew liable to be injured 
bf 'ibt, si «a 1^ kH BBer. 

Tlii SHt ■ made to Mzfte neulj as law as the deck, tn 
^■c Ae A^ B m kuaii ara. Yanis and bowsprits mar olar 
Waafcaf vio^B^''^-"'^^' •dmadsand chains williwt 
«^ laV d» czp»B ^ nfe.-' 

The da g ip tion in Trevithick'g IianUwriting gives 
■Kii doe deteSf thai a pncticnl iDteotioD of coDstrtict- 
n^ j bA a dap of iroo, with tubular masts and yards, 
and atiS-re^Bg aib^ was eertainly made public, if not 
mllT acted on m 1809, as is evidenced by the workman- 
Hfce gzaap of the whole design, expressed in few words, 
iBdenpnaed with calcnlatjons e&tablisliiug his practical 
deductions, resnltiii^ in the g^reater Kpeed, carrying 
power, and eoonomy of mauHgemeiit of iron galling 
ships as compared with wooden sailing ships. 

The fignres in his detail description are oniitted, as 
the calculations were frequently broken off, when he 
mentaUy saw the approximate result. 

" A plAU, sid« and cross section of a wrought^iron tntdtng 
ship. Scale oQe-«iith of an inch to a foot. 

" Vessel to be 70 feet long, and 35 feet wide oa the decl, 
and 10 feet deep in the hold, with three iron keels of 2 feet 
wide, whh iron rods for strengthening the hull, the wliole Hreted 
together the same as a steam-engine boiler, the keel to be 
1 inch thick, the bottom three-quarters thick, the sides half an 
inch thick, the deck three-eighths thick, and the gunwale one 
quarter of an inch thick. The mast and yards wrought-iion 
tubes, and the sliroudB and stays iron chains. 

" Weight of the ship 70 tons, width of the sails 44 feet by 
oO feet high, two-fifthB before the mast, and three-fifths aft the 
masl. 

' l'!i»i|.l,let, I-Vbruary 10th. 18i.ni. 
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"Studding sails two-thirds of the width of the large sail. 
Deep water-line with 300 tons, 8 feet 3 inches, including the 
keels of 2 I'eet in depth. 

"The yards (all down near the deck, and the sails reef them- 
selves without going aloft, and are always drawn tight in a 
chain frame, that liolds tiie sails close to the wind, and pre- 
yenta their fiojjping. 

" The yards being centred on the masts, and the after-end of 
the fore-yard chained to the fore-end of the after-yard, balances 
the sails, that they go about easily. 

"The iron keels act as ballast; and, together with the 
extreme width of beam, enable the required canvas to be 

I carried without taking in additional ballast. This vessel would 
be lighter, sail faster, stow more cargo, be more durable, and 
worked with a less number of hands than a wood vessel," 
The news of the day describes a race between the 
lEnj2;lisb yacht 'Livonia' and the winning American 
yacht ' Columbia,' a large centre Vtoard schooner, built 
in 1871, 98 feet long, 20 feet beam, 84 feet hold. 
Trevithick'a iron trader of 180E1 was 70 feet long, 
36 feet beam, 10 feet hold, to whicli add the sliding 

^ keels, described in the following chapter; and the two 
schooners, allowing for the different requirements of 
racer and trader, exhibit similar general principles, 
though the vessel of sixty years ago had spars and hull 
of iron. 

From the time of his work on the Dredger in 1803 
to his leaving London in 1810 bis occupations caused 
him to be almost daily within sight of the ships and 
meicantile operations on the Tiiames— iron buoys, iron 
I tanks, iron docks, iron steamboats, iron sailing vessels, 
' iron fighting ships, designed, patented, and more or 
■ less brought into comraercini use. were results of those 
seven years of labour. 

Our small and ini perfect knowledge of Richard 
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Trc'vithick lias causetl him lo be regarded i 
tlic invoiitor of the high-pressure rfeam-en^ne, 
in truth that one machine, among his nomeroos i 
diseoveriee, was but as a foot or hand to a perfect man: 
just as it took its place of relative n^fulnes in ttie 
improved sailing ship made of plates of iron, giving 
greater safety and comfort to the sailor, redncing his 
labour by the use of sliding keel, water ballast, and aelf- 
reefing sails; the steam-engine giving auxiliary propel- 
ling power, discharging cargo, and wuighing the anchor, 
while the steam-boiler gave facilities for cooking food, 
and the iron tanks a larger supply of more wholeaoiue 
water. 

- Many men scheme, take patents, and are no more 
heard of. Trevithick's working models^ made known 
by his written description, show on what a difierenl 
baHis his schemes were built. Every detail is practically 
described, as though it was a history of a thing of the 
past rather than of a thing to come. 

After a lapse of sixty years the greater portion of 
those schemes have become valuable realities ; a paj<er 
of the day,' on the . great increase of iron steamships, 
states that "about 11,000,000/, worth of shipping is 
now in course of building;" and this marked branch 
of national prosj>erity took its rise trom the designs 
that we have traced in their original working form in 
1809 ; the sliding tubular masts and yards remain t 
be made practicable. 

' "Tliu Western Mumiiig News," October lilitli, 1871 
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pROPELLIKa VraSELH BY STEAM. 



A LETTER, in 1803,' speaking of Jiis bigh-presaiire en- 
gine, with 45 11)8. of steam to tlie inch, Kiys, "I was 
sent for to explain the engine at the Admiralty Office. 
.They sent to inspect, and say they are about to erect 
several for their purposes, and that no other shall bo 
used in the G-overnraent service." Again, in 1804,' 
"An engine is ordered for tlie West India Docks, to 
travel itself from ship to ship." "An engineer from 
Woolwich was ordered down, and one from the Ad- 
mimlty Office, to inspect." 

With this intimate knowletlge of Trevi thick's schemes, 
I «nd the use of his engine.'? by the Admiralty, it iw the 
more strange that such events are igncjred, or but 
I elightly referred to in the history of early steamboats, 
['for in the latter part of 1804 several gentlemen had 
I consulted him on the feasibility of destroying the French 
[ fleet by the use of higli-pressure steam fire-ships. 

'* Mr. Giddy, " Coai.bhookdalb, Octoba- blk, 1P04. 

"Sir, — Several gentlemen of late have called on ine to 
' know if these engines wr)nld not be good things to go into 
I Boulogne to destroy the Seet, &c., in thut harbour by tire-shipa. 
I They told mo that a gentli-mtm from Bath was then in London 
I trying experiments under Government for that purjioBe, but 
I jnrhether by engine or by what plan I do not know. 

' See Trevithick'H lettur. May 2nil, IfiOn, chap. ix. 
° See letter, Feb. 22n(i, 180'1, chiip. in. 
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"A gentleman was sent to speak to me yesterday i 
bnsiness, from a marquis ; the name I am not at liberty to give 
yoo. I put him off witbont any enconrngeraent, because I 
would much rather tmst to your opinion in bringing tliit 
busine^ forward than any other man. 

"I have two 10-inch cylinders here completely ready; tliey 
are exceedingly well executed. I will not part with them until 
I hear furthw frqjn yoa. If you think you eonid get Gorem- 
ment to put it into execution, I would readily go with the 
engines and risk the enterprise. I think it is possible to make 
these engines drive ebips into the middle of the fleet, and then 
for them to blow up. 

" However, I shall leave all this business to yonr judgment, 
but if you give me encouragement respecting the jtossibility of 
cHTrying it into force, I am ready to send off these two engines 
on speculation. 

" I believe if yoa do not bring this business forward, some 
other person will, and it would not please me to see another 
person take this scheme out of our hands. 

" Be silent about it at home, for I should not like my family 
to know that I was engaged in such an nndertakiug. 

" I would thank you for your sentiments on tliis business 
soon, as those two engines will be left unsold until I receive 
your answer, 

"There are orders for several engines since I lust wrote to 
you. 

" I am, Sir, 

" Your very humble servant, 

" BlCHAUD TREVITHICK." 



" Thkntbam Hau, kkar Kewcastlk, 
" Mr. GiDDT, " Orfoftrr 20(*, 1804. 

"Sir, — I received your last letter, and am reailv ranch 
obliged to you for your goodness in offering to give me your 
assistance in promoting my schemes. I am ordered by the 
Marquis of Stafford to leave this place for London on Monday 
moroing to meet Ixii-d Melville and Mr. Pitt. It is likely they 
may wish to be satisfied respecting tlie possibility of the plan I 
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shall lay before tliem. I slmll refer ihem to you I'or your 
opiuioD and calculations. I will write to you when I have seen 
these gents, stating every particular. There are many things 
I wish to communicate to you, for I cannot satisfy myself from 
my own ligurea. I liope you will be called on in the House in 
the course of next month. I expect to be in town at that time. 
If I am ordered to proceed with this plan for Government, 
there will be several things that 1 shall not be able to get 
through without your assistance. I must beg your pardon for 
so often troubling you for these things, for I am not master of 
myself, but hope you will have the pleasure of seeing these 
plana carried into execution. 

■■ I am, Sir, 

■' Your very humble servant, 

"KlOHAHD TrBVITHICK." 

Theae traces of propoisals to propel vessels by bis 
higb-pressiire steam-engines, in 1804, to destroy the 
French fleet in Boulogne Harbour, show him as the 
pioneer of marine engineers. A messenger from a 
marquis — " a profoimd secret " — caused a few minntes' 
cautiouB reflection, and a wish to consult liis friend, 
followed by, — -" If you think you could get Govern- 
ment to put it into execution, I would readily go with 
the engines and risk the enterprise." He thought it 
possiible with those engines to drive ships into the 
middle of the fleet, and was prepared, without a mo- 
ment's delay, to place two of them in a vessel, and by 
them propel her to France. 

Within a fortnight he was at Trentham Hall, plot- 
ting with the Marquis of Stafford, who sent liim to 
London to see Lord Melville and Mr. Pitt. He gave 
more than usual thought to this compound question of 
propelling a vessel by steam, steering it without a 
helmsman, and exploding it at the required moment; 
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for lie admits, *' I am not master of myself" Probablr 
this was the only time in his life that he doubte<l his 
ability to make his high-pressure steam-engine do 
everything. 

" SoBO FoDNBHY, Maschesteb, JaiiuaTy 10th. 1805, 

" Mb. Gtdhy, 

" Sir, — I h&ve answered Mr. Gundry's letter. Their 
engine will cost about 1701., and will draw one hundred kibbals 
with abont three bushels of coal. 

" I fear that engine at Dolcoath will be a bad one. I never 
knew anything aliuut ita being built, until you wrote to mo 
about Penlerthy Croft engine, when' you mentioned it. 

"I then rpquestetl Captain A. Vivian to inform me the 
particulars about it, and I find that it will not be a good job. I 
wish it never was begun. I was sent from the Marquis of 
Stafl'ord to Lord Melville. I was at the Admiralty Office, and 
was ordered to wait a few days, before they could say to me 
what tliey wanted, I called five or sis days following, but 
never received a satisfactory answer, only to still wait longer. 
But I left them without knowijig what they Wanted of rae, fori 
was tired waiting, and was wanted much at Coalbrookdnle at the 
time. When they send for me again, tJiey shall say what they 
want before I will again obey the call. There was an engine, a 
10-inch cylinder, put into a bai^e to be carried to Slacclesfield, 
for a cotton factory, and 1 tried it to work on board. We had 
a fly-wheel on each ade of the barge, and * crank-shaft acro« 
the deck. The wheels had flat boards, 2 feet 2 inches long 
and 14 inches deep, six on each vvheel, like an nndershot 
water-wheel. Tiif extremity of the wheels went about 15 milea 
per hour. The barge was between 60 and 70 tons burtheu. It 
went in etill watt-r about 7 miles per boar. This was done to try 
what effect it would have. As we had ull the apparatus of ol<l 
material at the Dale, it cost little or nothing to put it together. 

" I think it would have been driven much faster with sweeps. 

" The engine that was made for the London Docks, for (Us- 

charging the West Iiidiamen, is put to work in a manufactory. 

They would not permit fire nilhin the walls of the do'.'k; 

tliere is an Act of I'ariiament to that effect. 
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"There is a email engine making in Staffordsbirc, for the 
London coaJ-shipB to carry with them for nnloading. 

" The boiler is 2 feet 6 inches diumetei- and 5 feet long, with 
the cylinder horizontal on the ontside of the boiler. Tho 
cylinder 4 inches in diametei', 

18-inch stroke. I think it '^Tlf„^„:^_ .^'■''® 

will be equal to six men. 

"Til© engine will always 
go one way. Tlie man that 
stands at the hiitchway Hill 
liave a string to throw ont a 
catch, whieh will let the barrel run back with the empty 
basket. 

"I shall go to Newcastle-oii-Tyne in alioiit four weeks, and 
most likely shall return to London. By that time the littlu 
engine will be sent to London for tho coal-ships. A great 
number of my engines are now working in different piirta of the 
kingdom. There are three foundries here making them, 

" They finish them in very good style ; all the wrought iron 
is polished, and ornamented with brass facings. They are the 
handsomest engines I ever saw. I expect there are some of the 
travelling engines at work at Newcastle. As soon as I get 
there I will write to yon. 

" This day I received a letter from Jane [his wife] ; sad 
lamentations on account of my absence, I am obliged to pro- 
mise to return immediately, but shall not bo able to fulfil it at 
this moment. I should be wrong to quit tliis business, as there 
are now seventeen or eighteen fouudries going on with those 
engines, and unless I am among them, the business will fall to 
the ground, and after such pains as I have taken, I am sorry to 
quit it, until I get it established. I am sorry to hear that your 
Bister is about to go to London to reside, for I fear that you 
will now spend but a small part of your time in Cornwall, and 
I shall he deprived of your good advice in future. 



" I am, Sir, 



" Your very humble servant, 

" RicUAiiu TiiEvirmcK." 
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This account of a (JO or 70 tou barge, driven by a 
high-pressxire steam-pufi'er engine, having a cylinder 
10 inches in diameter, at a speed about seven mites an 
hour, the float-lioards going at fifteen miles jin hour, 
proves that had Lord Melville spared five miuutes out 
of that week to keep his appointment with Trevithick, 
the first steam fire-ship would have dated from 1804; 
for within three months from that time he had driveu 
a barge at a sjieed of seven miles an hour by an engine 
that had been constructed for another purpose, and was 
adapted to the steamboat on the spur of the moment by 
a crank-shaft across the deck, having at each end a 
paddle-wheel, with six jjaddle-boards 14 inches deep by 
2 feet 2 inches long. 

Trevithick's steamboat was an ordinary canal barge, 
into which one of his steam-engines had been placed 
as goods for conveyance to Manchestei- fi'om Coalbrook- 
dale, as mentioned in his note of the 5th of October, 
1804, and 10th January, 1805. The fact came under 
the notice of the Prime Minister, and the makers of 
the engine were among the best-known manufacturers 
of the day, yet no one has recorded that Trevithick 
constructed this first practical steamboat. 

Napoleon I. is said to have exclaimed, about 1804, 
when reviewing his army and ships at Boulogne, "The 
English do not know what awaits them ; if we are mas- 
ters of the Channel for a few hours, England has lived 
her time." Napoleon certainly did not know of Trevi- 
thick's proposed steam fii-e-ships, or of his courage iu 
offering to guide them into the middle of his fleet. 

Lord Dedunstanville had formed a troop of Cornish 
volunteers to drive Napoleon from the shores, and 
among them was Trevitiiick, who, his wife said, ai>- 
peared well pleased with his red coat. One night a 
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beat of drums in the Camborne streets startled the 
sleepers; Trevithick awoke his wife, and asked what 
all the noise could be about. " Oh ! I suppose the 
French must be come ; bad you not better put on your 
red coat and go out?" "Well, but Jane," suggested 
the volunteer, "you go first and just look out at the 
window, to see what it is ! " 

" Me. Giddy, " Uuckwau., JvXy 23r!/, I8O6. 

"Sir, — This day I set the engine to work on board the 
'Blazer' gun-brig. 

" It does its work exceediogly well. We are yet in dock, and 
have lifted up mud only. I hope to be down at Barking slial^ 
in a few days, at our proposed station, when I will write to 
yoa again. I think tliere is no doubt of Buccesa. 

" A gentleman Iia? ordered an engine for driving a sliip. It 
IB a 12J-inc]i cylinder. I am at a loss bow to construct the 
apparatus for this purpose ; therefore am under the necessity of 
troubling you for your advice on the subject 

"The plan I have is as under, unless yon condemn it, or 
euggest a better plan. I propose to put a horizontal engine 
below the deck, and to put a wheel of 14 feet diameter in the 
hold. This wheel is to work in an iron case, air-tight ; the axle 
to work in a atufting box, and a pump to force air into this case 
to keep down the water from Hooding tlie wlieel, so that only 
the floats on the extremity of the wheel shall be in the water, 
and then only extend about 15 ineliea below the keel of the ship. 

" The cutter is about 100 tons burthen. 

" I wish to know the size of the floats on the wheel, and the 
Telocity you think they should be driven. 




■' I think liie power of the engine is equal to 4O0.OO0, I foot 
high, in n minute, from wliich you will be able to judge what 
e of floats, and what velocity will be bei't. The air that is 
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forced into the wroiightriroii case will alwaj's keep the water 
down in the cose to the level of the bottom of the ship. A 
space will bo left on each side of the wheel, so that the air will 
never be displaced by the working of the wheel. 
" Your answer to this will very much oblige 

" Your very humble servant, 

"Richard TnEvirnicK. 
"Direct to me at the Globe Tavern, Bkckwall, near 
London." 

In 1806 he liJid underhiken the still difficult task of 
placing a higli-pressure puffer steam-eugine of about 
12-horse power in a gentleman's sailing yacht of 100 
tons. Side wheels and paddle-boxes would destroy her 
appearance and sailing qualities. One centre paddle: 
wheel, enclosed in an iron case, was therefore to he 
fixed in the Iiold, the float-boards passing through an 
opening in the vessel's bottom. Water was prevented 
from rising in the case by a pressure of air forced into 
it by tlie engine, sufBcieut to depress it to near the level 
of the vessel's bottom, that the wheel might not be 
flooded. The paddle-shaft, where it passed through the 
two sides of the wheel-case, was made air-tight by 
stviffing-hoxes. The bottom of the float^boards waa 
If) inches Itelow the Iceel of the ship, attached to a 
wlieel 14 feet in diameter. The engine to drive it 
was a 12.^-inch cylinder high-pressure puffer direct- 
action engine, of about 12-horse power, with cylin- 
drical tubular boiler; the general outline of engine and 
boiler being very like the Newcastle locomotive of 1804. 

About that time, while producing changes and im- 
provements in marine propulsion, he became acquainted 
with Mr. Robert Dickinson, who had been a West India 
merchant, and they became partners in the following 
patent : — 
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Propelling Vesselb, ktc. 
Trevithich and Dickinsons Speeification of 1803. 

" in a sSiip ur vessel properly cunstructed for the purpose, aud 
to whicli we give the name of a nautieal labourer, we place a row- 
ing whe«l shaped like un underuhot water-wheel furnished with 
floats or pallets, bat which we call oar propelling boards, and of 
a size proportioned to the vessel ; the said rowing wheel is placed 
vertically in a box or cosing fitted to receive it in such a manner 
that its axis shall be ut riglit angles to the length way of the 
eliip or vessel, while the edge of the propc-lliog hoard that is 
lowest shall be even with the keel of the ship or vessel, or 
rather with the keels, for we prefer having two, and placed at 
fluch a distance from each other aa just to allow the propelling 
boai-da of tlio rowing wheel to puss freely between them. The 
foresaid box or casing which contains the rowing wheel is made 
air-light, and is open only at the bottom, where the floats are 
intended to act in propelling the vessel, and the water is pre- 
vented from rising in the said box or easing by an air-pump 
forcing air into it, so aa to keep the water always down at the 
level intended. The end or ends of the axle of the rowing 
wheel works or work in a collar or collars of leather or any 
other substance fitted to prevent air from passing out ; and the 
said wheel, as also the fore-mentioned air-pump, is worked by 
means of a crank, a wheel, or any othor suitable contrivance at 
one or both ends of the axle, and connected with a steam- 
engine, which ia the power we employ to move the rowing 
wheel, or, in other words, to give the required movement to the 
vcsst'l. In the wheel itself there is no novelty. 

" The novelty of this part of our invention consists in work- 
ing the wheel in an air-veaael, and by means of the contained 
air keeping the surface of the water ut such a lower level than 
the general suri'ouuding surface as may prevent the water from 
flooding the wheel. When we mean to employ such a vessel 
or shij) and apparatus as the above for the purpose of towing 
other vessels, the propelling boards of the rowing wheel and 
also the steam-engine must be larger in proportion to the work 
intended to bo performed ; the vessels are tlien fi^teued to 
1 other by a towing rope or towing ropes, the headmost of 
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thera being made fust to the niwing vessel, that being the 
name whiL-h we hiive adopted for the ahove-deacribed ahip or 
vessel and appnratus. Wlien strong tides and currents oppose 
the progress of the rowing vessel encumbered with those she has 
in tow, we facilitate the business of towing in the following 
manner: — To the headmost or to all of the vessels in tow we 
attach a pair of loug poles, or what bargemen call sett^, for the 
purpose of being dropt into the water from time to time, m is 
now the practice in shoal stream waf4?r, to answer the purpose 
of an anchor. The vessels la fow being thua secured from 
going along with the stream, we then propel our rowing vessel 
forward alone, allowing the rope that is made fast to the h«wl- 
most of them to run off from a windlass placed near the stem of 
the rowing vessel, or in any other convenient situation. When 
we Iiave run off all the ro[»o to the end that is made fast to the 
windlass, we then secure the rowing vessel in her place by 
dropping a pair of setts or an anchor; this being done, the 
vessels in tow take up their setts, the machinery of the towioji 
vessel is then disengaged from the rowing wheel, and throvm 
into gear to work the foresaid nindlass by the power of the 
Btoam-engine. By this means the rope is wouud up on the 
windlass, and the vessels in tow are brought up to tlie rowing 
vessel, when the same method of proceeding is again repeated 
till the vessels have passed tlie heavy part of the stream or 
current, and are able to proceed without those interruptions. 
We need hardly add that anchors may be employed in place of 
setts, and that in deep water they must be used ; but ivhero the 
water is not too deep to admit of it, the employing of setts in 
place of anchors is attended with less trouble and delay. WTiat 
we have stated respecting the use of our rowing vessel and 
apparatus in towing vessels against a stream or current applies 
also to tlie lowing ships out of any liarbour. If there are float- 
ing buoys outside the harbour we row our rowing vessel to one 
of them, letting off from the windlass in the manner before 
described the towing rope made fast to the ship that is to be 
towed out; having readied the buoy, or dropt another if there 
is no buoy, we then disengage the machinery from the rowing 
wheel, and put it mto gear with the windlass, and work the 
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ship out of linrbour by the power of the steam-engine. In 
many harbours this will be of immense advantage to the public, 
and particularly to ship-owners, for it not unfrequently happens 
that the wind is fair for the voyage, but foiU for getting out uf 
harbour. Here it may be proper to meution ouce for all, that 
in every case where we drop anchor, when it is to be taken up 
again we weigh it by throiving if^ windlass into gear to be 
worked with the steam-engine. The benefit to be derived by 
the public from our contrivance for towing veasels or ships 
would be iucreased if chains of proper strengtii moured at each 
end were laid in difScult currents and months of harbours, to 
be used in the following manner, that is to say, by giving the 
eaid chain one turn roimd the end of the windlass connected 
with and worked by the steam-engine the vessel could be 
worked in either direction of the cliain without making use of 
the rowing wheel, merely by the revolving of tlie windlass. The 
chain should have a buoy at each end for the purpose of being 
laid hold of. Nor are these all the uses to wiiich we apply our 
contrivance. The apparatus or machinery which we employ to 
propel the vessel or vessels in the manner before described is 
r fo contrived that we cau also employ it in loading or uuloading 
[ not only the rowing vessel, but those she has towed, or any other 
I that may want that aasiatance. Where a few articles only are 
J to be taken on board or discharged from the rowing vessel, the 
I common blocks and tackle may be worked by a rope attached to 
J -.% windlass, and worked by the steam-engine. When more dis- 
K' patch ia wanted, as in discharging coals or grain from the row- 
' ing vessel or from others, and such like work where ecouomy of 
time and labour is an important consideration, we facilitate the 
business by working a barrel in place of a windlass. This 
barrel, worked by the steam-engine, is kept in constant motion. 
while the business of dischai^ng is constantly going on. On 
this barrel is placed as many endless belts as may bo required 
for the business in hand. These belts pass respectively over a 
pulley of two grooves centred in a lever, the lower end of 
which lover is on a hinge. To the upper end of the lever, 
which is the longest from the centre of the pulley, a rope is 
^ attached, whicJi goes to the vessel then discharging, where it 
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passes through a common block in the rigging, whence the end 
of it desceuds to a man standing on the deck at the hatchway of 
the ship discharging. This rupe is for the purpose of enabling 
the man, by pulling it, to lighten the endless belt by means of 
tho longest end of the luver. From this it is plain that the 
pulley will ihen receive motion from the revolving barrel, and 
continue in motion so long as the man pulls the rope tight. 
By this motion another rope, which we call tho discharging 
ropo, made fast to the other groove of tlie pulley, that is, to the 
one not occupied by the before-mentioned endless belt, ia wound 
up on the said groove. The discharging rope now mentioned 
is the one that brings up the bucket, sack, basket, or other 
article from the hold of thu vessel that is discharging, no more 
being necessary for this purpose but to caixy the rope first 
through a block in the rigging of the vessel containing the 
workiug apparatus, imd then through another -in the rigging of 
the VG.^el that is discharging, and making that end fast by a 
hook or otherwise to the bucket, sack, basket, or other article 
tliat is to bo raised ; while the man who holds the other rope 
kiMjw it tight, as before mentioned, the discharging rope keeps 
winding up on the fore-mentioned pulley ; when the bucket, 
sack, basket, or other article has been raised to the height 
required, tho man who holds the tightening rope slairks jiis 
hold, and the endless belt is thereby freed from action, so that 
it ceases to be carried round by the barrel before mentioned. 
Tho bucket, basket, or other article being emptied, is let go to 
descend again into the bold, and the endless belt being now 
slack, the weight of the descending bucket, basket, or other 
article makes the double-grooved pulley revolve the contrary 
way to what it did when winding on, so that the rope is un- 
wound from the pulley, and remains so until the man who holds 
the tightening rope again applies a force sufficient to make tlie 
barrel give motion again to tho double-grooved pulley by means 
of tho endless bolt, as before described. Instead of the barrel 
and endless belt before described being used ibr tho above pur- 
pose, other common mechanical means may be employed to 
throw the pulley, to which is attached the discharging rope, in 
and out of gear, so us to wind or umviud the dischurgiug rope. 
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" We have before mentioned several endless belts, tbougb in 
our description we liavo confined onrselves to one ; tbo other 
l)elt8 are for the imrjiose of working any required number of 
discharging ropes on board one or more vessels, for Bovcral 
veasela properly arranged may all be discharging at the same 
time ; but all theso dischai^iiig ropes being worked in the same 
manner by the same barrel, and by the same moving power, 
the description already given of one applies to any number, 
each having its own proper double-grooved pulloy and lever. 

" Wo must here add that we do. not mean, by the description 
which we have given of the barrel and donble-grooved pulley, 
aud the method of working them, to claim such contrivances «a 
new inventions, orbe understood aa meaning to confine ourselves 
to the use of these means exclusively, for any of the common 
mechanical means that arc now employed to communicate or 
suspend motions at pleasure to apparatus connected with any 
maintnining power may l>e used to produce the effect. The 
novelty of our invention is simply this : employing such a vessel 
us we have described, furnished with a steam-engine as a moving 
power, and with proper apparatus to enable us to employ the 
said vessel and its contents as a labourer to assist iu towing of 
vessels in the manner before described, atid in loading aud un- 
loading them, in place of using the metliods bilherto in use. 
Where towiug of vesBels and discharging of vessels may not 
both be wanted, the apparatus may ba relieved of part of its 
load, and of part of the expense of construction, that is to say, 
where only towing may be wanted the macliinery need not bo 
loaded with those iKiria which apply to the discharging of 
vessels ; and, on the other hand, where towing is not wanted, 
but only discharging and unloading, the parts that apply to 
towing may be dispensed witli. 

" In witness whereof, we, the said Richard Trevithiek and 
Robert Dickinson, liave hereunto set our bands and 
seals, this Twelfth day of July, in the year of our Lord 
One thousand eight hundred and eight. 

" RlCHAliD TrEVITHICK. (l.8.) 

'■ RoBT, Dickinson, (l.s.) " 
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The nautical labourer was to tow vessels up rivera 
or in smooth water. If the current was too strong the 
vessels towed were to be moored or aucliored, while It 
steamed ahead a convenient distance, and dropping 
anchor, disconnected the paddle-wheel, connected the 
steam-windlass, and warped the vessels at a slower speed. 
A permanent chain might be laid to avoid the trouble of 
anchoring, passing it around the windlass of the towing 
boat, as is now done in 8l«am-ferriee croeeing rivers. 
The labourer, when made fast alongside a vessel to be 
discharged, raised the car^o bv the steam -wind lass. 

" When a few articles only are to Le taken on board, or dis- 
charged from the rowing vessel, comniou blocks and tackle may 
be worked by a rope attached to a windlnsfi, set in molion by 
the steam-engine. When more dispatch is wanted, as in the 
discharging of coal or grain from the rowing vessel, or /nww 
otJiers, and such like work, where economy of time and labour is 
an important considcialiun, vm facilitate tlie business by working 
a barrel in place of a wiudlasa. On tliia revolting barrel are 
placed as many endless belts as may lie required for the 
bnsiness in hand. Tliese bolts pass respectively over pulleyit 
with two grooves, centred in a lever, the lower end of which 
lever is on a hinge." 

The movement of the lever took the slack out of the 
endless belt, causing the pulley to revolve; a rope from 
the other groove of the pulley went to the vessel's hold 
and raised the load until the endless l>elt was again 
loosened. 

The engine used was Trevithick's Iiigh-pressure portr 
able puffer.' Several experiments were made in the 
Thames, with every prospect of au immediate and ex- 
tensive use of the nautical labourer, when the Society of 
Coal Whippers protested against the encouragement of 

■ Suu Tii-vitliifk^ Ir-ltfr. .I»riimry in, IS'Jo, fhap. xr. 
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1 a rival, declined to work with it, and threateued to 
X)wn its inventor. Trevithick was guarded by poUce- 
, two of them keeping watch at his house; but he 
needed in proving that his idea was economica} and 
il, tliough it was impossible to stem the strong 
current of prejudices of the daily labourer, and the 
nautical labourer retired from tlie contest. 

A curious old drawing of Trevithick's without date 
or name, probably belonging to the time of the patent 
(1808), or the fire-ship of 1804, judging from the nide 
simplicity of the engine and the oval tube of the boiler, 
similar to the first high-pressure model, shows a vessel, 
even including the decks, of iron, to he propelled 
by sails or steam. Her form was like a deep aaucer, 
with portions of her sides cut away to make room for 
a paddle-wheel on each side. At the deep water-line 
she was 43 feet wide by 58 feet long; stem and stern 
pieces, each 5 feet long, extended from deep water-hne 
to the bottom of the keel, containing sliding keels of 
iron, each about 5 feet wide, and when down reaching 
6 or 7 feet below the bottom of the vessel, acting as lee- 
boards and also as lever ballast when the ship was light. 
She was sea-going, but suitable for trading to shallow 
barboui-s, drawing 3 feet 3 inches without cargo, and 
6 feet 6 inches when loaded with 150 tons. One strong 
mast indicates a large spread of canvas. The steam- 
boilers were curved to the shape of the hold, the funnel 
aft of the stern, the paddle-wheels 25 feet G inches 
in diameter, float-boards 3 feet fi inches wide; two 
steam-cylinders 3 feet 6 inches in diameter, 8-feet stroke, 
with open tops and guide-wheel pistons, allowing the 
paddle-shaft to be kept very low, and doing away with 
parallel motion or guide-rods ; the cranks were at riglit 
angles to each other. The whole of the bottom of the 
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vessel for I foot in depth was double, or cellular, a means 
now niiicli used to give Rtrcngth, but by In'ni tui^ned to 
furtber account as a. surface condenser, the detail of this 
portion is not fully shown, judging from three othei 
sheets of drawing in pencil, all of them unfinished, 
modifying and improving the whole design. The two 
cylindrical vessels in the plan joined to tlie steam- 
cylinder by the nozzles, were a supplementary con- 
denser and an air-pump. 

The size and shape of the boilers, and of flie cylinder? 
with the long stroke, indicate the intention to work high 
steam very expansively, so that at the finish of the 
stroke on passing to the condensers it would be of a 
comparatively low pressure. Immediately after this 
period Trevithick, on his return to Cornwall, constructed 
an expansive steam-engine that worked with 100 or more 
pounds of steam to the inch in the boiler, expanding to 
low pressure and condensing.' 

This stray waif (Plate XI.) of combined steam and 
sails, in an iron hull, unnamed and undated, known to 
be TrevithicVs handywork, from his well-known hand- 
writing in numerous explanations on the well-covered 
sheet of large paper, at a working scale of 1 inch to 
4 feet, so full in detail drawing, and with a reference to 
a written list of descriptions of the various parts, warnmis 
the belief that the construction of such a vessel was fully 
contemplated, if not really carried out. a, two opcu- 
topped cylinders; b, crank-axlo and paddle-shatl; c, 
pistons, witli guide-wheels, thus avoiding parallel 
motion; d, paddle-wheels; e, boilers, with cylindrical 
exterior of cast iron, and interior wrought-iron oval 
Hre-tube ; ff, iron chimney at the stem of vessel ; h, sur- 
face condensers, on which lie wrote, "space between the 

' See Wheal Prosper Kngint and Htrlnnd Engine, chftp. xis. 
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eliip's bottom, and the lower deck to cool the water;" 
i, small air-pump and condenser; j, iron tubular mast; 
k, sliding iron keels; I, iron gunwale; m, iron deck; 
n, iron middle deck ; o, iron bottom deck ; p, iron bot- 
tom of vessel ; g, rudder ; r, light water-line ; s, deep 
water-line; t, supports and shelter for paddle-wheela. 
The design combines the earliest Newcomen steam- 
engine with that of Watt, also of Trevitliick's high- 
pressure steam direct - action engine of the present 
day, extending over one hundred and fifty years of 
steam-engine experience. The open-topped cylinders 
have the simplicity of Newcomen's first engine; but 
Newcomen dreamt not of the gnide-wbeel piston, and 
upward thrust of a rigid piston-rod moved by expan- 
sive steam, propelling a crank ; neither was it the 
vacuum engine of Watt, for it used no injection- water, 
the vacuum being produced by Biirface condensation, as 
in HalTs condenser. The chief power of the engine 
was from high-pressure expansive steam during the up- 
stroke of the pistons : tlie ideas are traceable in liis 
letters of 1812,' "The cold sides of the condenser are 
sufiicient to work an engine a great many strokes with- 
out injection-water." " If this engine is worked with 
steam of 25 lbs. to (lie inch above the atmosphere, cut- 
ting it off at one-twentieth part of the ascending stroke 
of the piston, the power will be as three to two of 
Boulton and Watt's single engine." "The length of 
1 the piston, and the small variation that the beam will 
' give it, is so trifling that it will not be felt." The 
y open-topped cylinder, with a deep piston in lieu of tlie 
I guide-wheel, the expansive steam, and surface conden- 
sation, are evidenced in letters of about that period. 

' IVcvithitk'a lettor, UeieLiibiT T, 18JL', i-I]h[^ xvii. 
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The iron vessel in form and in detail of construction 
is as remarkable as tlie engine; its growth may lie 
traced from the patents of 1808 and 1809 for iron ships 
with iron mast and yards and self-reefing sails.' 

The shallow draught of the vessel and its sliding 
keels are principles still relied on by American yachts- 
men ; and making the cellular bottom of the vessel a 
condenser is the original idea in its most simple form of 
modern surface-condensers. 

Certainly this drawing, explained by Trevithick's 
letters, patents, and working engines constructed sixty 
years ago, combine and fully illustrate, under the most 
simple forms, all the leading principles of the magni- 
ficent ships of the present day, with their iron sides, 
iron masts, small but powerful direct^-action engines, 
with high-pressure expansive steam and surface con- 
densation. 

Everyone thouglit highly of his inventions, but no 
oue enabled him to bring them into immediate profitable 
use : such being the inevitable result of going too much 
in advance of the time. Ten years of incessant lahour 
since his first experiments with high-pressure portable 
steam-engines, to bring them within the range of every- 
day use, had left him a lone man, bereft of liberty and 
broken down in health and streugth. 

Steel's letter of the 20th April," 1810, was addressed 
to Trevithiek in Cornwall, where he had gone to rjuse 
money by mortgage or sale of mine shares or pro- 
perty, to pay the cost of showing his inventions to the 
public. 

On his return to London, everything belonging to 
him was seized for debt, and he was obliged to retire 



' PHteiit iif IW.©, ami lipsurijition of iron ahip, <■ 
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to a sponging-house in a street of refuge for debtors, a 
halfway house between freedom and imprisonment. 

All this was too much for the strongest man. Typhus 
and gastric fever during many weeks reduced him to 
a state of physical helplessness, followed by the loss 
of intellect, and brain fever, and the patient, beibre so 
weak, required tlie care and strength of keepers. 

In this emergency Dickinson brought his medical 
man to assist; Dr. Walford, known to the family, dis- 
agreed with the new comer. A third medical man 
was called in. Anonymous letters were sent to Mrs, 
Trevithick on the probable result of tbe injurious 
medical treatment. 

In an emergency, when it seemed a question of life 
or death with her husband, Mrs. Trevithick, scarce 
knowing what she did, sought through the streets of 
London for a medical man. A gentleman observing 
her need of help, asked what was the matter, begged 
her to at once return to her house, and promised to seek 
and send a doctor. Misfortune had reached the turn- 
ing point. A kind letter from her brother advised 
Trevithick's return to Cornwall, and in the early part 
of September, 1810, being still too weak to move hand 
or foot, he was carried on board a small trading vessel, 
called the ' Falmouth Packet,' his eldest boy, about ten 
years old, keeping him company. 

It was war time, and the ' Falraouth Packet ' with 
other vessels sailed from the Downs, under convoy of a 
gun-brig. After three days they anchored off Dover. 
Trevithick went on shore and enjoyed the first short 
walk since the commencement of liis illness, four or five 

I months before. On getting under way again they were ■ 
chased by a French ship of war. The ' Falmouth 
Packet' knew how to sail and when to hug the shore, 
1 
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alarmed from Trevitliick's weakness, ViUt I think you cannot 
expect otherwise than that be will be very weak for some time, 
after so dreadful au attack. Do not be akrmed, I hope he will 
do very well; yon must uot say auythini^ to him about his 
liusiness, that is likely to hurry his mind, until he gets better. 
If Mr. Dickinson receives money, be must be accountable for 
it. I beg that you will not licsituts asking Mr. Blewett for 
what yon want. It gives us great happiness to hear that yon 
enjoy health in. this great trial. If yon think it necessary and 
you wish it, 1 will come to yon, but I sincerely hope that your 
next will bring a more favourable account ; I know Mr, 
tlewett will be very happy to do anything for yon in his 

iwer, and I wish you would ask bis advice in anj business 

lat you think is not proper for Ti-evithick to be told of until 
he gets better. 

" I hope you find Mr. Steel honest : in that case it is not in 
Mr. Dickinson's power to cheat you. 

" Do let me know how Trevithick's affairs stand, and what 
proppects are. If ho is not likely to do well where you are, 
yon think he would consent to return to Cornwall — if not 

settle, for a little while ? His native air might be a means 

getting Iiim about. Both my sisters join with me in love to 

10 and family. 

"I am, dear Jane, 

" Youre very sincerely, 

" H. Harvey." 



An official document of receipt and expenditure for 
■ihe five years prior to his banki-uptcy shows a loss of 
BxDore than 4000/. by his labours; and that he had sold 
flr mortgaged his property and borrowed from his 
[Hends. 

Mrs. Trevithick, when in Loudon, in 1808 to 

1810, saw an iron steamboat of her husband's at Mr. 

Blewett's yard. People said that an iron boat could 

not float. Trevitliick made a trip down the river 

H^om London Bridge in the iron steamer, and towed 
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after Ub oae of his iron tanks to show that they aW 

' letter in the early part of 1810 states 

ibid tliTBe steunbcut engines then in baud; 

I witli a csboose, or the nautinal arm engine, 

1 one of tfaem a towing machine to take the place of 

nduDes tiiat re^iinired repair. 

Ok Ub Tetami to Cornwall, he devoted his time to 

i expansive engiaes, and to preparing for 

a ; still taming over in his mind the pro- 

pciSi^ Aufm by steam. Mx. Xewton, who rode on the 

first C^nbcne loeofDotive, thus writes : — 

•Xe BKAB Su^ ~rjklnnU!E, 2811 F^rvary, 1870. 

* b ■*f'7 to yours of the 25tli, I recollect hearing 
Oiflahi IVenthici^ ia cDOTeratkia with the late Gkptam 
Aainm Yhwa, above axtv reus «gos aay that be could aoii> 
Mraot a bnl, to }» peopled by the application of steam. 

'His Uea ««> a boat ksTing tiro keels, between wliich tiro 
laAt H^^ b« attadied, with propellens to each, similar to 
4ack^ fce^ eae nonng forwards, whilst the other moved badc- 
«e«ld^ and a» wim wtni. Another idea of his was ^teiog that 
war tOM) the mf^teaAyo of thick, inxn ades, to oar mea-of-wv 
sh^p% to tifiel Ao A c ta from the enemy ; these were ideas 
Am <iMtinfl ni l^entliick's brain. It was at a mine meetug 
(Xwdi BJMiiwr DowBs). How plainly do these ideas appear as 
llw ewt Uy a of «h«l has taken place since ; namely, the steam- 
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I, dear Sir, years respectfiilly, 

"L. Newtos," 



Mr. Xewton, who aspired to be a pupil of Treri- 
tliicfc's nearly seventy years ago on the working of die 
first Uxx^motive, still lives to bear witness of the great 
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engineer's designs for eteam navigation, and tlie keep- 
ing out an enemy's cannon balls by iron-plated sliips of 
war. 

"Camborne, 26f/i Marth, 1812. 

" Sir Chahles Hawkins, Bart., 

" Sir, — Enclosed I send you a letter for Sir John Sinclair, 
without a seal, for j-our inspection, and if you approve of it 
please to put a wafer and forward it ; if not, please to leave it 
rest, and send me your remarks!, that I may alter it. I have not 
gone BO fully into the busineas as I might have done, in expecta- 
tion of Sir John Sinclair's writing to me again, with particulars, 
the size engine he may want, aud for what purpose. If I had 
money I would immediately construct an engine in a ship, at 
my own expense, much rather than be assisted by any person, 
but the misfortune I lately met with, left me without a shilling ; 
therefore I am obliged to attend to other business for a main- 
tenance for my family, instead of attending to purposes of 
twenty times the value. 

" I think yon have heard Mr. Giddy give his opinion on the 
value of my new plan for driving ships, and I am really sorry 
to part with it so cheap to strangera; but not having it in my 
power to carry it into execution, must submit. You see what 
a trifling sum will accomplish the experiment, and the value of 
it I believe is beyond calculation; besides the great utility to 
the public. I very much wish you would try the experiment, 
and take the advantages andhe merit to yourself, instead of 
its going to strangers. 

" It might 1*0 done at Uayle Foundry, on one of their boats ; 
the expense will not exceed lOO/. If you wish, you can again 
consult Mr, Giddy on the plan, before I engage with any other. 
As yon have land near the mine at Gwythian, I beg to inform 
you that I have begun the erection of a Bt«am-eugitie in Wheal 
Prosper Mine. I was employed a few days at St. Ives, by the 
snbscribefB to the breakwater. I would be very much obliged 
to yon to say if I must call on Mr. Hulse for payment. 
" Your obedient servant, 

"RfCHABU TKEVrTHlCK," 
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•■ CiMBORNE, CiRKWALi, 26(4 March, 1812. 

" To Sir John Sinclair, 

" Sir, — I received from Sir Charles Hawkins a copy of 
Dr. Logan'a letter to you, also a note from yon to Sir Cliarles 
Hawkins, both respOL'ting tlie driving boats by steam. Thia is a 
subject to whieli I have given a great deal of thought, as being 
a filing of immeuBe magnitude and value, if it could be made to 
be of general ntility. 

"So far US ideas and the outlines of theory will warrant 
success, I have no doubt of making it, fully answer the pur- 
pose on all sorts of vessels, and in the open sea ; but tliis 
cannot be done by any plan that has yet been practised. 

"I have been very fully informed respecting the plans and 
performance of the American steamboats, by practical men 
and others who have sailed on board them ; therefore I think 
there can be no doubt of their performance in rivers; and am 
surprised that English engineers have not adopted it long since 
without waiting to be shown the way by Americans. 

" The construction of steam-engines hitherto has made them 
very unfit for ships' purposes, on account of their immense 
weight, bulk, and complications. 

" Also the method of applying the power by wheels over the 
ship's sideSj would make them very unwieldy in gales of wind. 

"The engine that 1 have lately invented is not one-tenth 
part of the weight in bulk of other engines of the same power; 
and so simple that they are managed by any common 
labourer. 

" They are working with the cylinder perpendicular, others 
horizontal, and others diagonal, as circumstances require, and 
the fire, with all the apparatus, is enclosed within a wrought- 
iron boiler, so that no part could be injured from the rolling of 
the ship. Also the apparatus that I would use for propelling 
the ship should be fixed with the engine in her hold, so that no 
part of the machine should be exposed to injury from a lipavy 
sea. Giving motion to a ship in the way that 1 propose is 
quite a new idea, and has never as yet been practised for any 
purpose whatever. When first I hit on this idea I communi- 
cated it to Mr. r>. Oiddy, whose theory on every occasion I have 
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'telied on, uDtl fotind by practice to be correct. His opinion was 
rith mine, tliat it was a thing of vast importance. I nm so far 
(onvinced of its success, that if you wish to make an experiment 
twill lend you an engine for the jjurpoae gratia, anil also give 
boy own time and invention ; therefore the lo,ss cannot be more 
than on the apparatus for propelling, which I will engage shall 
not esceetl 100^, which sum will prove it on a scale sufficient 
for the experiment both on my plan and that now in use in 
America. 

'' I Jiave often observed horses employed to draw ships 
through the canal across the Isle of Dogs, from Limehouse to 
Elackwall, and found that three horaes took two shipe in tow, 
of three or four hundred tons burthen each, and drew them 
at two miles per hour. 

"A 30-horse engine on my plan will not exceed 8 tons in 
weight, 16 feet long, G feet high, and 6 feet wide ; very little 
more room than six hogsheads of sugar. I think less than half 
this power would be sufScient for driving a ship, pumping, 
loading, diachargiog, and cooking by steam. 

" The steam from the salt water would be fresh for the 
ship's use, instead of burdening the ship on long voyages with, 
pay six months' fresh water, weighing four times the weight of 
the engine and apparatus. One of the American steamboats 
is 160 feet long (a length equal to a 74-gnn ship). The 
engine is called a 24-horse power; the boiler is from 8 to 10 

^feet long; from this I judge the engine cannot be above half 
the power stated, 
'"The wheels are on each side, similar to those of wafer- 
diills, and under cover ; her accommodation is fifty-two berths, 
besides sofas. 

■' There is one other steamboat of 85 feet long. 
" Resjrectiug the engine for thrashing, chaff cutting, sawing, 
&c., I am now making one of about two-thirds the size of Sir 
Charles Hawkins's, which will be portable on wheels, and may 
be removed from farm to farm as easily as a one-horse cart. 
By placing the engine in the farmyard, and passing the rope 
from the fly-wheel through the barn door or window, and i 

t around the drum on the machine axle, it may be driven. I 

^ i 
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" The steam may be raised, and the engioe moved a distance 
uf ttro miles, and the thrashing machine at work withia one 
hour. 

" The weight, iucludiDg engine, carriage, and wheels, will not 
exceed 15 cwt. ; about the weight of an empty one-horse cart. 

" The size is 3 feet diameter, and 6 feet high. If yon wish 
to have one of this size sent to the Board of Agriculture as a 
specimen, the price, delivered in London, will he sixty guineas. 
If you require further information, please write to me again, 
and I will furnish yoii with drawings, or models, or steam- 
engines of any size or for any purpose. 

"N.B. — I have a portable engine nearly finished which will 
weigh about ^0 cwt. The power is equal to 6 horses, or 24 
horses every 24 hours. Priw, delivered in London, 150?. 
" I remnia. Sir, 

" Your most obedient seri-ant, 

" KiCHARD TREVITIirCK." 



In March, 1812, the sciew-propeller and plan for 
driving it were settled things in Trevithick'e mind. 
He had seen that engines more powerful than the 
nautical steam-labourer of 1808, and steam-arm of 
1809, were required for sea-going work, and his trials 
with paddle-wheels had shown that something more 
compact, and less in the way of wind and waves, should 
be devised before ocean-going steamers carrying canvas 
would he successful ; lor " applying the power l)y wheels 
over the ship's sides makes them very unwieldy in 
gales of wind. My apparatus for propelling the ship 
should be fixed with the engine in her hold, so that no 
part should be exposed to injury Irom a heavy sea. 
Steam-engines hitherto are unfit for ships' purposes, ou 
account of their immense weight, bulk, and complica- 
tions. My newly-iu vented engine is not one-tenth of 
their weiglit, a 30-liovae engine complete being only 
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8 tons," The wisdom of those words is proved by llieir 
being still applicable after fifty years of rapid advance- 
ment. 

The screw-propeller was offered by Trevithick to the 
Navy Board in 1812, witli a proposal to test its supe- 
riority to paddle-wheels by trying both of thern in the 
same boat, worked by the same engine, the apparatus 
to be fixed, so that no part be exposed to injury fi-om a 
heavy sea : in other words, the screw was to be placed 
near the stem of the vessel, and to be under the surface 
of the water. 

Sir John Sinclair having forwarded the proposal to 
the Navy Board, hoped that they would order a trial of 
the screw, and defray the cost ; and on this account 
Trevithick postponed bis appbcatiou to Mr. Praed to 
test it on his canal boats. After waiting two or three 
months, he wrote to bis friend Sir Charles Hawkins:' — 

Sir John Sinclair has taken a useless journey Ly calling on 
tiie NaTy Board ; lor nothing experimental will ever be trie;! or 
carried into effect, except by individuals." 

Acting on these views, he proposed, at his own ex- 
pense, to place a 6-horse-povver high-pressure steam- 
puffer engine, weighing 30 cwt., andcosting but 150/'., 
in a barge, that the public might see the superiority of 
the screw-propeller and high-pressure engine over the 
paddle-wheel and low-pressure vacuum engine. 

Dear Sik, " April iih, 1812. 

"I received your letter, enclosing one to Sir John 
Sinckir, wliich I forwarded. I wrote him (hat if he recom- 
mended yonr engines for propelling vessels, and made known 
your steam-engines to agrieulturalists, 1 bad no doubt but 

' Set ictter W Sir Clmrles Hiiwkins, 13lh Jiinc. ISlli, <-hii|). xvi. 
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b does DOC »fipe*x tint Mr. Praed encouraged Uie 
■aew-pf>opener ia caial barges, tbotigh Trerithick 
offered to de^j tbe cost of ibe experiment ;* and tbe 
idea remained in abevaoce tnitil 1815, when be oon- 
etructe'I a rotary engine at Bridgenortb, boping to 
make it and tbe screw-propeller a suitable combinatiou 
for marine propnlsioB. 

"I have (IruwD tlie cjrlJader 9 feet in diameter, in whicli the 
ncrow IK to work. Tlie screw is 8 feet 10 inches in diameter, and 
hrw two turns in 4 feet long. Of course it will gain 2 feet 
forward ti) eocli turn. The steam-urtna revolye the same as the 
mirow, being on the same first motiou, at a rate of about 350 
fudt jior neeoiid nt the end of the arm, will give the screw about 
tun uiilea forward jter hour. I hare not worked tbe engine to 



' 'I'liivitliluk (in hii copy of thif end of Che letter gave it up u im- 

Inttorl iirnliiilily roulii not decipher possiHa. 

Ww writliiK iif Sir Charltw Ukwkina, * TrcTithlck'sleUcr,.1iiupia.IHH', 

■iinrki<il liy xlnlMiiniii, and lotvxnil tlie rhiip. xvlii. 
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ly advantage siuce I wrote you last, because before I worked 
very higb steam I wished to force the boiler witli cold 
iter, wbieli I did with 300 lbs. to the incli, which it stood 
:ceedingly well."' 

This description of an upright boiler, for the rotary 
engine for driving the screw-propeller, was referred to 
in a letter a week before,* and was also followed in four 
days by another letter, describing a tubular boiler, in- 
tended also for a steamboat: — "The boilers making for 
this towing engine are all tubes of 3 feet in diameter, 
five-eighths of an inch thick (with circular ends), of 
wrought iron. There are three horizontal tubes, and 
to each of the horizontal tubes three upright tubes are 
suspended."^ 

On the 6th Jwne, 1815, a patent was taken for various 
improvements : — 

"The iifth part consists of a mode of propelling, drawing, or 
causing ships, boats, and other vessels, to pass through the 
water, whicli purpose I effect by constructing a worm or screw, 
or a number of leaves, placed obliquely round an axis. The 
obliquity of the thread of the worm, screw, or leaves, admits of 
considerablt! variety, according to the degree of velocity given 
to it, and speed required, and according to the power with 
whicli it is driven. It may be made to revolve in the water at 
the head of the ship, or at the stem, or one or more worms 
aay revolve on each side of the vessel, as may most eou- 
▼eniently suit the peculiar navigation on which tlie ship, boat, 

vessel ia to be employed. 

" In order to make the boiler of a high-pressure steam-eugino 
of very light materials, for portable purposes, aud at the same 
time strong for resisting the preMure, as well as for exposing 
a large surface to the fire, I do construct the said boiler of a 
number of small perpendicular tubes, each tube closed at the 

' See letter, 12th May, 1815, chap, xvi., pp. 3fi8, 36!l. 
' See letter, 7th May, 1S15, chap, svi., p. SW. 
' Sre Irtter, lUth Mny, 1815. duip. svi„ p. 370. 
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they would be universaliy adopted. Von may write Mr. Praed 
offering your engines on hia canal for moving barges — jon may 
Bay you lake the liberly lo write him through me — and offer 
him your i-ugines for moving barges on canals by the means nf 
steam. Give the cost aud esitt'nse of the engines and bargf^ 
worked by coals instead of horses, and refer yonrself to me for 
the advantage of a eteani-engine for thrasliing com. There can 
be no harm in yonr writing Mi-. Praed, who is the chief manager 
of the Grand Junction Canal, and certainly has it in his power 
to adopt your plana. I think myself pledged to carry into 
effect, at least to do everything that I'an be expected nf me, to 
effect the small breakwater at St. Ives, It appears to mo tliat 
if the small breakwater was laid down from N^o. 3^ by the 
inner bamber loose to eitlier No. 8, or about No. 9 . . . . that 
it would effectually secure a great number of shipping afloat 
That even to No. 9 would not cost much above 20,0001. .... 
within the breakwater the tide would wash out the sand. . , . . ' 
If thi3 breakwater whs to be laid down as placed in the map 
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It does not appear that Mr. Praed encotiraged the 
screw - propeller in canal barges, though Trevithick 
offered to defray the cost of the experiment;^ and the 
idea remained in abeyance until 1815, when he con- 
structed a rotary engine at Bridgenortb, hoping to 
make it and the screw-propeller a suitable combination 
for marine propulsion. 

"I have drawn the cylinder 9 feet in diameter, in which the 
screw is to work. The screw is 8 feet 10 inches in diameter, and 
has two turns in 4 feet long. Of course it will gain 2 feet 
forward to each turn. The steam-arms revolve the same as the 
screw, being on the same lirst motion, at a rate of about 350 
feet per second at the end of the arm, will give the screw aboat 
ten miles forward per hour. I have not worked the engine to 

' Trevithick (in his copy of this end of the letter gave It up as im- 

letler) probably could not decipher poasihle, 

the writing of Sir Charles Bswkins, ' Trevithick'sletter, Juni-IS.IHIS, 

marked by oniisaionH, and toward the phnp. sviii. 
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any advantage since I wrote you last, because berore 1 worked 
with very high steam I wished to force the boiler with cold 
water, which I did with 300 lbs. to the incli, which it stood 
esceedingly well,"' 

Tliia description of an upright boiler, for the rotary 
engine for driving the screw-propeller, was referred to 
in a letter a week before," and wjts also followed in four 
days by another letter, describing a tubular boiler, in- 
tended also for a steamboat: — "The boilers making for 
this towing engine are all tubes of 3 feet in diameter, 
five-eighths of an inch thick (with circular ends), of 
wrought iron. There are three horizontal tubes, and 
to eacli of the horizontal tubes three upright tubes are 
suspendei.1."^ 

On the 6th June, 1815, a patent was taken for various 
improvements : — ■ 

" The fifth part consists of a mode of i)ropeUing, drawing, or 
causing ships, boats, and other vessels, to pass through the 
water, which pur|K>8e I effect by constructing a worm or screw, 
or a number of leaves, placed obliqnely rouud an axis. The 
obliquity of the thread of the worm, screw, or leaves, adruita of 
considerable variety, according to the degree of velocity given 
to it, and speed required, and according to the power with 
which it is driven. It may be made to revolve in the water at 
the head of the ship, or at the stem, or one or more worms 
may revolve on each side of the vessel, as may most con- 
veniently suit the peculiar navigation on which the ship, boat, 
or vessel is to be employed. 

"In order to make tlie boiler of a high-pressure steam-engine 

of very light materials, for portable purposes, and at the same 

time strong for resisting the pressure, as well as for expoeiug 

a large surface to the fii'e, 1 do construct the saiil boiler of a 

I number of smalt perpendicular tubes, each tube closed at the 

• Sre lelMT, I2th May, 1815, chnp. svi., jip. 3«8, 3(i!l. 
■ See letter, 7ih Mny, 1815, chsji. ivi., p. 3fi4, 
' See lelter, Ifilh Mny, ISI'i, fhiip. xvi., p. 370, 
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bottom, but all o[)6tiitig at the top into a common reservoir. 
from whence they receive their water, and into which the steam 
of all the tubes is united." ' 

This tubular boiler, patented witli the screw-propeller 
more than fifty years ago, is like a boiler now being 
tried in 1871 as a new thing. "The first of a series of 
official trials of one of the Cochrane boilers and one of 
the common boilers of the ' Audacious,' 14, double-screw 
iron ship, was commenced on "Wednesday. The Coch- 
rane boiler has t!ie water contained in vertical tubes, 
which the fire surrounds, whereas in the common boiler 
the water surrounds the tubes through which the fire 



During twelve yeai's he had at various times shown 
the practicability of steam propulsion ; in 1S04 with a 
seven-miles-an-hour steamer; in 1806 the single paddle 
steam-yacht. In 1808 the patent for universal steam 
on board ships. In 1812 the proposing to the Admir- 
alty the use of the screw-propeller. In May, 1815, a 
screw 8 feet 10 inches in diameter had been made, 
and in June, 1815, a patent for the screw was applied 
for; and when on the verge of success, he, in. 1816, 
sailed away to the mountains of an unknown land. 

" DeAB ThbviTHIOH, " East Bourn, July 18(A, 1815. 

" I really do not know, what to say respecting the en- 
gines, beyond what we have frequently discussed ia conversation 
about it. Your figures I believe are right ¥ou have very much 
surprised me by stating that one of Mr. WoDlfs ia stopped. If 
the accounts of his engine at Caenver are correct, it does the 
most duty of either one now working in Cornwall. But what 
is very curious, his winding engine at Great Wheal Fortune ia 
among the very worst of that sort. I hope that your experi- 



' Sep paWnl, 6tli Juw, 1815, chap, xvi. 
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' nicnt with the recoil engine for moving 1 
Nothing occurs to me rcBpecting thera, except that there is not 
any theoreticul limit to the most advantageous velocity for the 
propelling ecrew. If you are disposed to try various sizes of 
these screws, moving with different velocities, yoa must recollect 
that the propelling zone, with the new screw, increases as the 
squares of the number of revolutions in a given time ; and that 
supposing the velocities of rotation (that is, the number of revo- 
lutions in a given time) to be the same in different screws, the 
propelling zone will vary as the 4th power, or as the square 
squared, of tlie diameter; or thus, suppose D = the diameter 
and N = the number of revolutions in a minute of one screw, 
J) = the diiimeter, and N ^ the number of revolutions in a 
raiuiite of the other screws. Then will their propelling power 
be to each other in the proportion D' x N^ to d' x n\ The 
reason why no limit can theoretically be put to the velocity 
most advantageous for the pro])elling screw is this, that the 
faster it goes, the less will the loss be, occasioned by the motion 
of the vessel through the water. The centre of propulsion (as it 
may be termed) is distant from the centre of the screw (sup- 

posmg the radius one) -— ; that is, if a square piece, equal in 

size to the triangular vjme , -^*'^\ , were to move with 

the same inclmation and the velocity which the vane has, or 
— (or about c), their effect would be equal. Suppose now, two 

vessels moving at the same rate through the water, each pro- 
pelled by screws, one large, and moving so that the centre of 
propulsion has a velodly double to that of the vessel ; the other 
smaller, but moving with a velocity ten times that of tho 
vessel. In the first one, three parts out of four of the power 
will be lost ; in the second, only nineteen out of a Imndred, not 
one- fifth, 

" I shall remain here for at least a fortnight. 
" I am, dear Sir, 

" Yours most respectfully, 

" Davibm Giddy." 
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" Gentlemen, ■ " 1'bszasoe, Cobswiu,, Nov. 30/A, 181s. 

" Em^luawl you have a drawing for the towing engine 
for Loudon, which you will execute as soon as possible. The 
payment yon will receive from Mr. John Mille, both he and 
myself being equally interested in this machiue; therefore, 
you may rail for payment on either, or Iwth, which you 
please. 

" On receipt of tin's drawing I wisli you to inforu me wlien 
you can execute it, and also whether you can uiiderst4ind the 
drawing. 

" I expect that the screw will be too large for the bargee to 
■take to liondon. If so, leave it in two parta, and we will rivet 
them together in LoTidon, 

" I wish you to send to me Herland invoice, and 1 will send 
you the balance. Let me know how yon are getting on with 
Beeralstono engine, I hope you will forward it this uiat 
spring-tide down to Uriatol, and ship it by the Plymouth 
trader. Tho adventurers are estreiuely uneasy on account of 
your delay. I was at Bristol the 22nd inat., and chariei-ed a 
Tessel of 90 tons burthen to take down Herland engine, 
which is only 11 tons, for which I am to pay 130/., instead 
of 208. i>er ton. which ia the usual freight from Bristol tii 
Comwali. 

"Therefore, I have made a sacrifice of lliil. entirely ou 
account of yonr own neglect. Unless the Bt'eralstone eugiue 
is sent down this next spring (which is now nearly at hand), I 
shall get into further trouble and expense on that account also. 
Write to me by retnm of post to Penzance, and not to Cam- 
borne, as usual. 

" 1 remain, your humble ser^-ant, 



'• Tu HaZELDINB, ItiB'FIlICK, 

" Bfidyenarili, SHroj,th'- 



' KicHAttu Trevithick 



Drawings had been sent for a steamboat on ib« new 
plan, and tte screw or screws were actually on their 
way to London Irefore the patent right had been 
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f Mr. John Mills, " Peszance, t\bruary 28, 1816. 

"Sir, — Ou tho other side you have an account of the 
■"expenses of boilers, &c. 

" I wish you woiild say what money I have received from 
you in the whole for Peru shares, as I do not exactly recollect, 
that I may enter it to your account nil together. 

"The castings I expect you have long since received from 
Bridgenorth. The performance of the great engine astonishes 
every perBon here; she y\\\ do the full work of a 40-hor8e 
engine, with one bushel per hour. The boiler I have sent you 
will do more than a 200-hor8e engine. » 

" You may get the boilers and case together in the barge 
immediately. Put the round end of them as near the stem of 
the barge as you conveniently can, because that will give more 
room for the machinery. 

" As soon as yon write me that all the engine is on board the 
barge, I will come up to town. 

" The price I agreed for the freight was 10?. for each tobe, 
and 25<. per ton for the other iron, which you will find about 
9 tons. 

"I have received news from Lima, dated 8th July lost, and 
am informed by the Englishmen that went out, that they are 
getting on exceedingly well. They have been offered, and 
refused, at the rate of 8000 dollars for the same share as you 
hold. I would thank you to write and let me know whether 
you have received the boilers, and how you get on. Mr. Smith 
is returned to Greenwic'h ; if yon call that way, lie can tell you 
the particulars of the engine, as he saw it at work several times. 

^p The adaptation of the screw was a great difficulty, 
'and the addition of a newly-designed tubular boiler for 
driving it was a complication of difficiilties that Tre- 
vithick might have foimd hie way out of; but it was 

I too much for Mr, Mills, or for Mr, Smith, Trevithick's 
VOL. J. 2 \ 



"Your humble servant, 

'• lllCHAHD TUEVITHICR." 



J 
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LondoD agent, and eng-ine manufacturer, who had heat 
to Cornwall to see what was being done hy the great 
high-presBure steam engineer. 

" Dkab Sir, '" Greeswich, FArvarg SStk, 1816. 

" I have had some i^nversation with Mr. 3(arshaII aboot 
the small t-ngiups for ilonchester ; lie says tliat xhe power o( 
two men will be quite 6ufli<-ient They exjieoi to huvo UtHa 
small enough to go in at u i-uniniou door, to work them in lite 
room wiiere the machines are lixed. I will thank yon to iaiorm 
ne what size boiler and cylinder you consider right for socfa an 
engine; you need not trouble yourself to make a drawing. 1 
should like to know how the thrashing mat^hine works, soon as 
you hare got it tiutshed. Penn called on me a day or two ago, 
and said he was going to assist Mr. ^lilk in Utting up the towing 
barge, and inquired very particularly about the Jlerland engine. 
" He said Hawkins told him that your engines would do away 
with all ibe piston engines. Let me know how you are going 
OD at Herland. I trit?d the engine which yon sent me from 
(.Vvnwall, yesterday, which works very well, oxcejit the laige 
cock, which Field is grinding in this morning. I rather think 
it got damag^ in the carriage. 1 have painted the fly-wheel, 
and all the parts, and it looks veni' well. 

* 1 hare been thinking of selling it for yi>u (which I have no 
dwibt may hs soon done), and lit up one ou the new principle 
for WDiktn^ the presa. I hope to receive your drawing soon fur 
tb« ot^rine for the si^ar-iaill. 1 have answered Mr. Melvill's 
latter to you, asd Hr. Quin's also, and from what Gordon and 
Heqiev said, expert some orders from tliem. 

**YouhavetWeock»»iina]^iarceItoMr. Page. Have you any 
hrttM^ (Knu Lima? Mr. Tllarshall says the engines are at work. 

* H<^ng lo bear trota you soon as convenient, I remain, 
with lw!4 wkdiM for y<,iur heallfa, and that of Mrs. Trevitbick 
and Gunily, 

*' Tonrs sincerely, 

'^Jaues Shith. 
"* r.S^ — 1 haw jaat got a leUet from Carpenter and Smith's 



Wharf. 



nkytap 



the ' Jane.' of PctiiaDce, is arrived." 
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Mr. John Peim, who assisted Mr. Mills i:i putting 
together Trevithick's screw-propeller and improved 
steam-engine, was a millwright, and probably the 
founder of the present eminent marine engine-building 
firm, Penn and Sons. 

Field, who also helped, has probably since been 
known as a partner in the firm of Maudslay, Son, 
and Field, eqiially eminent with Penn and Sons. 
Harry Maudslay, also one of the firm, was then known 
as a clever smith employed by Trevithick. 

James Nasmyth, then a boy, woi'king for Maudslay, 
has since been the maker and patentee of Nasmyth's 
upright or chimney boiler, for which the writer, who 
had the pleasure of his personal acquaintance, paid him 
patent right, though it was almost an exact copy of 
Trevithick's boiler made and used in 1815,' and formed 
part of the engine that Field, and Penn, and others, 
probably Maudslay and Nasmytli, saw and worked on. 

In 1833, the writer, seeking his fortune in London, 
and knowing that Maudslay, then a leading marine- 
engine builder, had lienefited by Trevithick's patent 
tanks, and steamboat discoveries, and hoping a return 
for benefits received, sent in his name as the son of 
Trevithick, the engineer, and ask permission to go 
through the works. The answer was, " We are very 
sorry, but it is against our rule;" but he gained admit- 
tance by one of the leading mechanics, his relative, 
schoolfellow, and early shop companion, now the lead- 
ing mechanic in Penu's factory, and the grandson or 
grandnephew of old Sam Humbly, who, as Trevithick's 
lielper, had worked side by side with Penn and Maud- 
slay in putting together the tanks, nautical labourer, 
and screw-propeller, during 1808 to 1815. fl 

^^ ' SvL. TrevithitVs Ipiter, Ttli Mht. 181^,, ,;h.i|,. xvi. 1 



356 



PltOPELLlNfi VESSELS BY STEAM, 



"UeaU Sib, •■ GnEEsirirB, J^«/y 26tt, ISI6. 

" I have just seen Mr. Mills, He wiBhes me to infonn 
you that there will be a great many engines nanCerl iuHoIlanil 
for the boatB. He has seen the small eugiue which I hare 
nearly finished, and wishes to try it on the water with your 
screw. I shall, therefore, be obliged to you to say by return of 
post what you think should be the diameter of the screw for 
this size engine, and in what way it would be best to work it: 
perhaps with a universal joint, if the engme will go fast enougli 
this way ; but let me have your opinion on this particular. I 
expect to have it finished in a week, when Mr. Mills will he 
ready with a proper boat for the purpose. He seems to have 
some doubts of the screw, but says that if this should not 
answer, the old way with the wheels will do verj' well. I hare 
not aeon any of the sugar people, bnt told Mr. I'enn to make 
out his bill for them. Mr. Struttan, Gutter Lane, called on mc 
the other day, and I pi-omised him a sight of the engine at 
work very soon. Don't make any arrangyment with him abont 
engines till you hear from me again. Mr, Penn told me some- 
thing alwjut liim which I will explaiu in my next. We had a 
letter from Mr. Page this day ; shall write him in a day or two. 
I have uot time for more now, as it is four o'clock. You ghall 
hear from me again the beginning of the week, but expect to 
hear from you by next post. 

" Yonrs, &c., 

" J. Smith. 
" P.S. — I will give you the size of the oven in next." 



Mills likeJ the look of Trevitliick's new engine io 
Smith's shop, and wishing; to have a screw-steamer, 
offered his boat that the engine might be placed in it, 
Smith engaging to discover from the great uecromancer, 
then in Cornwall, how the screw should Ixi made, how 
it should be fixeil, and how it should be worked, to 
which an answer was sent by return of post. Mr. 
Smith had married a sister of Mr. Page, who, with his 
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partner Day, were solicitors for the Soiitli American 
mining scheme. 

»Dear Sir, -OBKBNwrcH, ^w^isf 1s(, 18I6. 

" I have just received yuiir letter dated July 29, and 
shall proceed with the screw, acconliiig to your direction, but 
ara much afraid that I shall not have the engine finished before 
you come, I wish you would stop another week, that I may get 
it doue before you see it. 

" Mr. Mills says that engines of 30 and 40 horse-jiower will 
be wanted, and a great many of them, and is very anxious to 
see the small one tried. 

*' I am very forward with it now ; but, being a new thing to 
me, have had many tools to make, and Mr. Penn has been 
rather unfortunate in the casting the fly-wheel, which you saw 
on his premises was broke in the turning, and the first cyUnder 
was good for nothing, and we had to cast another, which is 
pretty good. Horton charges 4C?. for the boiler, which appears 
to be well made. I have got it on the wheels, and have 
finished the box at the bottom for the chimney, and have 
ordered the pipe for the chimney in town. The stuffing box for 
the valves is strewed on the top of the boiler, and the double 
cylinder is screwed to the side. The standards for'the shaft of 
the fly-wheel are also fixed, and Penn is turning the shaft from 
a wood pattern, which I have given him. I am going to town 
this afternoon about the copper tubes or pipes for steam and dis- 
charging. The fire-door is finished, and the bars are in place. 
All this is done, aad yet 1 think it will take another week to 
complete it, and 1 very much wish to finish it before you see it. 

" The Bogar-bakers have not got Mr. Penn's bill yet, but this 
I suppose does not much signify. 

"I have asked the plumber to give his charge for what little 
ho did in this business, but have not got it yet. We received 
the fish, hams, &c., yesterday evening, which are not in the 
least injured. We are much obliged to you for them. I shall 
not trouble you about the oven yet, as I cannot ascertain the 

Eai-ja exactly, and am too much engaged at present to think 
ut it. We are very glaci that you are all widl, and shall 
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be happy to see you at GreeTiwieh, and perhaps Mrs. Trevithick 
or Miss Trevithifk will lake a trip with you. I need not dd 
that we .'ihiill be liappy to see them. 
"I am, dear Sir, 

"Yours fiiucerely, 

"Jamks Smith." 

Trevithick'K leaviug for Lima in two mouths from 
the date of tliose experiments prevented his perfecting 
the screw-propeller. 

" A Select Committee ef the House of Commons commenced 
its sittings May 8th, 1817, to inquire into the use and safety of 
Trevithick'a high-pressure marine engines. 

" Mr. Bryan Donkin examined : — "Witness went down to Nor- 
wich as a vohmteer, to inquire into the cause of the explosion 
of a steiimboat ; was accompanied by Mr. Timothy Bramah and 
Mr. ColUnge, Was of opinion tliat the immediate cause of the 
explosion had been the use of steam of a very high ex[>unsire 
force. The approximate cause was a deficiency in the strengtb 
iu the end of the boiler. It was cylindrical. One end wa^ 
wrought iron, the other end cast iron. It appeared to have 
been previously of wrought iit)n, and had beou cut out, and cast 
iron substituted in its place. Would not choose to use a high- 
pressure engine, from the danger which arwe from their use. 
Scarcely ever saw the low-pressure engine beyond fi Ibs^ to 
the inch. Thought it just to state to the Committee that 
there was an advantage to be derived from the use of high- 
pressure engines on board of hoats. Had likewise been told, 
though without having eeen one, that Trevithick had invented 
a metho<i of making boilers by increasing the lengtli, and 
decreasing their diameter, so as to render them capable of main- ' 
taining pressure to a nmi:h greater degree than heretofore. 
Had no doubt but Cornwall had derived incalculable advantages 
from the nse of high-pressure engines. 

" Iteport of the Select Committee of the House. — Yonr Com- 
mittee fiud it to be the nniversid opinion of all persona con- 
versant in sHch subjects, that steam-engines of some conBtmction 



rilOPELLINO VESSELS BY STEAM. 



359 



Kii 



may be applied with perfect security, even to passfinger vessels ; 
and they generally agree, though with some exceptions, that 
those called high-pressure engines may be safely used, with the 
precaution of well-consfructed boilers and properly-adapteil 
safety- valves ; and further, a great majority of opinions lean to 
■boilers of wrought irfm or metal in preference to cast iron."' 



At the time of the inquiry hy tlie House of Commons 
nto the propriety of allowing the use of the In'gh- 
pressure Bteani-engine in England, Trevithick was 
successfully workiug it on the top of the Cordilleras. 
The new boiler referred to by Mr, Donkin was the 
multitubular boiler, constructed for the screw-propeller 
engines. 

On Trevithick's return from America ten or twelve 
years afterwards, he wrote : — " The boilers in use 
prior to your petitioner's invention could never, with 
any degree of safety or convenience, be used for steam 
navigation, liecause they required hnck and mason 

trork around thera to confine the fire." 
This statement, made fifteen or twenty years after 
18 mimeroua applications of steam on board vessels, 
beginning in 1803 with the dredger-boat in the 
Thames, and then the steam-barge in 1804, prior to 
^^hich no Ixiiler, except his own, had been erected 
Harithout a casing of brickwork flues, proves hira to 
^ftave been the first practical applier of the marine steam 
^■boiler and engine. 

^ In 1788 Patrick Miller, Taylor, and William Sym- 
ington, tried to propel a boat by a 1-horse-power 
steam-engine,^ and after thirteen years of consider- 
tion, Symington, hoping he had made the idea prac- 
al, took a patent in 1801 for " the application of such 



3()0 priorRi.rjNG vessels by steam. 

an engine, to propel a vessel by paddles;*' and in 
1803 tlie '('harlotte Duiidas' was projielled by steam 
in the Firth of Clyde, but after a short time was laid 
aside. "In 1807, Fulton, of New York, launcbed the 
' Claremont,' said to be the first steamboat that success- 
fully carried passengers for hire. In 1812 the ' Comet * 
steamboiit, by H. Bell, plied between Glasgow and 
Helmsburgh, and in 1813 the 'Elizabeth' steamboat, 
on the Clyde, was probably the first remunerating 
steam-vessel in the world ;"' so that twenty-four years 
elapsed between the idea of Miller and Symington, and 
its first practical use. 

The fii'st attempt, on any scale worthy of notice, at 
navigation by steam in Britain was made about this 
fieriod on the river Clyde. A boat of about 40 feet 
keel and 10^ feet beam, having a steam-engine of 
3-horse power, began to ply on the Clyde as a passage- 
boat between the city of Glasgow and Greeuoclc in 
1812; but owing to tbe novelty and apparent danger 
of tbe conveyance, the number of passengers was so 
very small that the projectors for some time hardly 
cleared their expenses." 

It is curious that while this experiment was going on 
in Scotland, Trevithick was corresponding with Sir John 
Sinclair on the subject, and on the 26th March, 1812, 
stated : " I have found that three horses towed two ships, 
of 300 or 400 tons burthen, at two miles an hour," thus 
intimating the probable power of their 3-horse ' Comet' ; 
and added, "a 30-borse8tearaboatr«ngineon my planwill 
not exceed 8 tons in weight." But Trevithick was far 
in advance of such small work; he had then the screw- 
propeller in hand. " The construction of steam-engines 



I W..-kr.ili 'On Msriiif Prupulni'in.' 

' ■ HiMtiiry of ilm Stpam-Eiigine,' by Stimrt, 
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liitherto has made them very unfit for (sliiji purposes, on 
account of their immense weight, bulk, aii<l complica- 
tione; also the method of applying the power by wheels 
over the ship's sides would make them very unwieldy 
in giilcs of wind ; the engine that I have lately invented 

; not one-tenth part of the weight or bulk of other 
engines of the same power; the fire, with all tlie appa- 

■atus, is enclosed witliiu a wrought-iron boiler, so that 
DO part could be injured from the rolling of the ship."' 
FThis boiler, patented by Trevithick in 1802, and nsed 
in his steamboat of 1804, was precisely the one wliieh 
enabled this Clyde boat of 1812 to work, and iw thus 
described; "The boiler in which the steam is produced 
is made of strong wrought-iron plates, and the fire- 
place is an iron tube contained withinaide; the nmoku, 
after passing through two or three turns of the tube 
in the boiler, passes off through the chimney, wlijfrb \h 
an iron tube. The boat was about 80 tuns burtlieii ; 
she went about six miles per hour in smooth wiit«r; 
the circumterence of the pwldle-whocls w«nt at ii h[k«)(| 
of thirteen miles per hour."' Not only Wfw tho Clydo 
boat of 1812 a close copy of Trevithiek'tt intat of I Hl(( 
in size of boat, speed of wh€)elM and of !x«it, and kind 
Laf boiler, but the words used hy lUsm in itjt dnHcrip- 
tion read almost as extracts frr^m Trcvithick'H liitlitm 
10th January, 1805, and 2«th March, 1K|2, (Iiun 

taking good his statement tliAt " tho Ufilum in iiwi 
prior to your petitioner^ invmitJoii lymld niivur, with 

ny degree of eafety or couveoietiee, Iti "iwl fm »ilij(iiri 

lavigation, becaitee tbey rerpjired a proUjctiun of hrji'k 

nd maaon work around tbeui." ' 
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According to Eees, the American fiist steambofit 
esperiraentR had the same origin, from TreWthick 
through Symingtou, though he sitys that the high-pres- 
sure engines ought not to !« allowed in steamboats, 
and fails to mention the name of Trevithick. 

The Scotclimen feared to go by the Clyde boat of 
1S12, because it was worked by Trevithick's high-pres- 
eure boiler; and if, as has been said, articles in Rees' 
' Cyclopsedia' wore writt^^n by Dr. Robison, we can 
iinderstand why, as the supporter of Watt, be did not 
trouble to trace the particulars of Trevithick's steam- 
barge of 1804, which worked with steam of from 50 (o 
100 lbs. on the inch, being just the pressure now much 
approved of in steamboats. 

"The 'Egypt,' which is, we believe, except the 
' Great Eastern,' the largest steamship afloat, is fitted 
with engines constructed on the compound principle, 
with boilers giving eteam of 75 lbs. to the square inch. 
The ship has five steam-winches, and a steam capstjiu 
and windlass of Napier's patent. The steam-winches 
supersede a vast amount of manual labour ; they work 
the pumps, hoist the sails, and discbarge and load the 
cargo. The ' Egypt ' has four masts ; all the lower 
masts are of iron, while the lower yards and lower top- 
eail yards are made of steel." ' 

The principles illustrated in this modern iron s(«ani 
and sail ship, built one hundred years after the birth 
of Trevithick, may be traced in his own description of 
his inventions sixty years ago. It is not meant to com- 
pare the 'Egypt' of to-day with the iron ship of 180!), 
or the Thames experiments and screw-propeller and 
multitubular boiler of 1816; but it may be said of each 
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of them that they were iron sailing ships, with iron 
masts and yards, propelled by a screw, driven by direct- 
action expansive engines, with surface condensers, and 
tubular boilers giving steam of about 75 lbs. on the 
square inch, and that in each of them the cargo, the 
sails, and the anchor were to be lifted by the steam- 
engine. The acts of Trevithick in the steam-dredger 
engine of 1803, the steamboat of 1804, the cargo and 
anchor lifting engine of 1808, the iron steamship with 
iron masts, direct-action expansive steam-engines, and 
surface condensers of 1809, and the screw-propeller 
and multitubular boiler of 1812 to 1816, added to the 
modern improved detail of construction, constitute the 
iron steam fleets of the present day. 
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RECOIL ENGINE AND TDBtJLAB BOILER. 
" Mb. GlUDV, " ItBIDOEKOHTn, 1th May, Irili'j. 

" Sir, — Yestenlay I fixed the pumps to the new engine 
which goes exceedingly well. 

" The bucket is 2iJ inches dia- 
meter, 18J feet high, stroke 3 feel, 
works fifteen strokes per miante, 
with about 28 lbs. of coal per hour. 
The arms are 15 feet from point to 
[wint, but ouly one of tbein gives st^am. 
They run twenty rounds for one stroke 
of the engiue, wliich is worked by a 
strttp, like a oomnioa lathe. The st^ntn 
was about 100 lbs. lo the inch. The 
opening iu the arm was about half on 
inrh long, by a quarter of an inch wide. 
I intend to work tbe steam much lu'gher. 
The fire-place is one tube in another. 
The fire-tube is 17^ inches diameter, 
the outer tube 24 inches, 9 fet-t high. 
It stands perpendicular, I shall con- 
tinue to make several experiments, and 
J up Ijll J will give you the results, but as yet 

J W H ^1 cannot say much about it, as it was 
late yesterday before 1 finished it. 

*'I am convinced that it has by far 
the greatest power for the consumption 
of coal that was ever made. When I 
consider the friction in this small 
machine and the small fire-place, where 
there is not above three gallons of coal. 
I the «ork it jierfomis, I can scarrely believe my own eyes. 
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I have written by this post to Comwall to tlesire the Foxes 
to Bend up their engineer to inspect it. The large engine is 
begun, according to the drawings. 

"It will be about thirty-five times the fire sides and fire- 
place of ibis small engine. I think it will do fifty times the 
work, heciiuse the friction will be much less in a large than in a 
small machine. The expense will he about 800/., and the power 
will be equal to a 70-inch cylinder double power. I shall be 
able to carry every part of tliis powerful engine on my back 
(boiler excepted). I would be much obliged to you to inform 
me what speed you think would be the best for the ends of 
the arms to travel. 

" I remain, Hir, 

" Your very humble servant, 

" EiCHAUD Trevithicr." 

Tliis overcrowding of invention on invention was 
I beneficial to the country, prompting others to complete 
I and make useful the ideas so freely scattered, but 
I it had the effect of retarding the perfection of any one 
I in particular. 

The screw-propeller, in itself complete, was tied to 

I the incomplete recoil engine, winch in its turn was 

' tampered with the new raultituhular boilers, of novel 

construction, and giving Bteam of greatly- inci^eased 

pressure. The main object of the recoil engine was to 

^^ avoid complexity of machinery, and consequent weight 

^■in marine steam propulsion. 

^p The recoil engine consisted of two arras, in form 
like the scabbard of a cavalry sword, each arm 7 feet 
G inches long, projecting from an axis. Steam passed 
through those hollow arms, and escaping through 

I a small hole near the end, its impact on the sur- 
rounding air caused the arms to be forced into cir- 
cular movement. The propelling screw in the steam- 
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vessel was to be attached to the same axle. A bell- 
wheel fixed on the shaft drove a piirap for the purpose 
of practically testing the economical power of the 
engine. The boiler, of novel construction, though 
its simplicity almost leads to its being called not at 
all new, was his comparatively old tubular boiler shifted 
from the horizontal position to the vertical. Yet the 
two boilers in operation were totally distinct things, 
the new one being suitable and convenient for the 
hold, taking up Httle room, and not liable to have 
portions injuriously exposed to the fire from the roll 
of jhe vessel. That portion of the fire-tulxj above the 
water-line was an effective substitute for what has since 
been patented as the superheating steam apparatus, and 
at the same time served as a portion of the chimney. 
The working steam-pressure was 100 lbs. to the inch. 
Several experiments were tried by altering the size of 
the escape-hole in the end of the revolving arm trom 
a quarter of an inch long, by one thirty-second of an inch 
wide, through various widths up to half an inch wide. 
The speed of the arm was from 10,01)0 to 15,000 feet 
a minute. Richard Preen, who saw it work, gave the 
following recollections: — - 

" I am uow seveuty years old, and was working in 1809 in 
Johii Hazeldiue'a engine foundry at Bridgeiiorth, and have l>ecn 
there moat of my time. About that time Mr. Trovithick c&me 
very often to tlie foimdry. The engines Hazeldine was bnilding 
were called Trevithick's engines. The outer boiler was a cast- 
iron cylinder like a barrel, about 5 feet in diameter. The fire 
was inside in a wrought-iroii tube. Tlie cylinder was let into 
the boiler, the tbur-way cot'k had a handle that was kuorbod 
up and down. The piston-rod had a cross-head, and two mde 
rods went down, one to the pin in the fly-wheel, the other to a 
pin in the cog-wheel ; some of them had a crank on oue end of 
the shaft instead of the cog-wlieel. 
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"Mr. Trevitliiek made anotlier kJud of engiLe, calleti the 
Model, some people culled it the Wiiidniill, and said it was 
iut^>nded to thi-ow balls against the French. There were two 
. great anas, each of tliem 10 or 12 feet long, placed opposite 
) one anotlier on a hollow shalt or asle, which had a nozzle iu it 
I When steam was turned on it pnfTed out at the ends of the 
r Arms, and they went around like lightning, with a noise like 
shush ! shush ! bo then it was called by that name. 

'This engine was mude just before Mr. Trevithick went to 
Booth America. He did not know what to do with it, and bo 
gave it a present to Jones, the Ibromaii in the works. 

" Master and Jones had a pretty quarrel about who should 
have it afterwards. 

" Mr, Rustriok was considered the engineer. He quarrelled 
with Huzeldine about putting up the Chepstow Bridge, and set 
up for himself at West Bromwich, to construct portable engines, 
the same as tliey made for Mr. Trevithick. 

" He sent word to me to come to work for him. I was then 
I working one of Mr. Trevithiok's engines in Mr. Sing's tan-yard. 
I They said they would put me iu prison if I left them. That 
" was about 1818. 

"Mr, Hazeidine'a brother (William Hazeldino) lived at 
I Shrewsbury. He built Bangor Bridge. 

t Spaniard came once or twice with Mr. Trevithick. 1 was 
i getting the core out of one of the cast-iron boilers before it was 
[ oold, for fear of straining the iron. The Spaniard sent for 
I quarter of a cask of beer because we worked hard. Several 
lengines and plunger-pumps were made, no piece to be larger- 
f than a inule could rarrv." ' 



" HaKELDINE's FoCNOaV, BKIIKiKNORTU. 

) "Da VIES GiDDV, Esq., M.P., 'M% IM, 1815. 

" Sir, — I have received both your favours, which I 
I L-annot clearly understand. You say that the point of the arm 
I ought to go live-sixths of the speed of the fluid, «hich under 
I »ne atmosphere would be 1070 feet per second, and to increase 
[ AB the pressure and speed of the fluid increases. Suppose one 

' HkbHrd l'r.tii'8 rmillii^tiuiis. luUcii ut iiriii-;uic.rtli, IfMJa, 
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atmosphere, or 15 lbs. to the inch, to be 1070 leet [ler acconA 
for the point of the arm to go, four atmospheres, or (>0 lbs. to 
the inch, would be 2070 feet per second for the point of the arm 
to go; 16 uttnosjjlieres, or 240 lbs. to tlie inch, would be 4140 
feet per second ; this would be a speed more than double it 
cannon-ball, and such as can never be obtained in practice and 
while working in fluid instead of vacuum. 

"Tiie speed of the iluid does not increase after the pressure 
of one atmosphere. 

" I cannot make out why the speed of the arm i>hou]d ever 
increase beyond 1070 feet per second; but as you have given 
it so much thought, I doubt not your calcidations are right, 
and I only wish to understand you, whether the speed of the 
arm should never excet-d 1070 feet per second, under all pres- 
sures, or whether it is to increase as I have stated above. If so, 
it will go 80 far beyond practice that I must lose a part of the 
power for a less speed, so as to accommodate it to general use. 
What do you suppose the loss was in working 225 feet per 
second, which was about the rate in the data that I gave you in 
my first letter ? 

" Suppose I make the large engine for which I am now 
makiug the drawings to go with a speed of 350 feet per second, 
what part of the whole power should 1 get in that case, or what 
deficiency would there be to deduct from the ^ths which you call 
the best data? As I have not yet begun that part of the 
machine, I can alter it to any speed you think proper, and 1 
will do so ; but that is u speed that ia suitable to the screw oti 
the first motion, ami a sp«ed that the centres will stand well. I 
am doubtful whether the speed is so great ou steam as the 
theory of air gives, bec-ause I find that the arm that contains 
the steam holds about iiO feet long of 1 inch square of steam, 
and when the discharge-hole at the end of it has an opening of 
i mch by i^aths, which is about jSjth of a square incli, when the 
throttle-cock is suddenly shut, the steam continues to discharge 
for four soeonds, first strong, and gradually falling down from 
100 lbs. to the inch to atmosphere strong. I have not worked 
the engine to any advantage since I wrote to yon last, because 
before working with very high steam I m'shed to force the 
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boiler with cold water, whicli I did with 300 lbs. to ihe ini-h. It 
stocxl exceedingly well ; only in u few criticul places, in angles 
where the smiths could not come to close the rivets well, the 
cement has been forced from between the platee, bat no altera- 
tion in the shape, nor has any jmrt given way, 9119 ptuls of 
the boiler out of the 1000 did nwt leak a single drop. I am now 
cetting out the few leaking rivelp, aod shall then trj' it again. I 
find a great deal of difficulty in keeping the wat«r in Ihe boiler 
from gettiugaway wilh the steam ; the one lube being 18 inches 
diameter, and the other only 2 feet diameter, leaves bnt 3 inches 
epace on each side, or but 2 superficial feet of surface of water 
to give out the sfeam, which comes with such violence that it 
brings the water with it, unless it is 5 feet lielow the boiler-top, 
obh'ging me to lose near one-half of my fire sides in the inner 
tube. 

"About a foot and lialf down from the top I put a quantity 
of hemp, and loaded it with small pieces of iron like a packing, 
to serve as a sift for the water, but though it mends it, yet it is 
not a cure, I have taken a patent, and shall put in my speci- 
fication as soon as I return to London, which I expect will be 
in the course of ten or twelve davsi. 
"I remain, Sir, 

"Your very humble servant. 

"Richard Trevithick. 

" P.f?. — I iiave drawn the cylinder 9 feet diameter, in whicli 
the screw is to work, which will be 8 feet 10 inches in diameter; 
having two turns in 4 feet long, of course it will gain 2 feet 
forward to each turu and to each round of the steam-armB, the 
same as the screw, being on the first motion. At a rule of 
about 350 feet per second on the end of the urm. will give the 
screw about ten miles forward per hour." 

The recoil engine was not quite satisfactory, for tin- 
steam issued from the aperture for four secoudM ufter 
the supply had been shut off, showing -a Iokb of power 
during its passage tljrougli the arm: one hoped-for 
means of oliviatiiig it was to get stningr/r hIciiih. Tjic 

vni„ I, 2 ij 
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gossip that the new engine was to throw balls against 
the French, and Trevithick's calculntion eotipling the 
speed of the arms with that of a cannon-bsll, are as 
floating straws indicating that the cuiTent of conversation 
still ran on the possibility of attacking the French hj 
steam, though the method was shifted from tlie steam 
fire-ship to the centrifugal steam-catapnlt. 

" Da VIES Giddy, Esq., M J., " BBiiK-EsoRxn, Afay i«(A. 1815. 

" Sir, — Tlie boilers making for this towing engine are all 
tubes, of 3 feet diameter, gths of an inch thick, with circulftr 
ends, of vfrougLt iron, 

" There are three horizontal tubes, to each of which three 
other tubes are miBpended, which will nil be fixed or hiing np 
in a large chimney, thus :— 




•' Though I have called it stone-work, it will liave for portnjble 
purposes an outside case of iron hited with fire-clay, but for fij- 
tures, stone-work. I am satisfied that f^r rotary engines it will 
do well, but for engines hfting water llie speed must be so 
reduced that it will be more expensire for that jiurpoee iban 
other machinery. I have been thinking of a method to use high 
steam in nnolher way for that purpose, of which I srnt a skL-tcb 
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for your inspection. Suppose I work with 200 lbs. to the 
inch pressure, which, in theory, tlft" tubes on the other side will 
stand, according to the experience in proving wrought-iron 
cables, whii'h stand 50,00U lbs. to the square incli of iron, 
obove 2000 lbs. to the inch on the tubes; therefore the prea- 
Bure I intend to work with will be only 10 per cent, of the 
real strength. Suppose a common plunger piece and pole to be 
placed over the shaft, or a little below the surface, to stand on 
a beam of wood acroas tbe pit, on each aide the iron plunger- 
pole side rods eoimeet to the siiaft rods below. From tlio 




bottom of the phinger-piece a small pipe conveys water forward 
H and backward to ii steam-voasel, wJiich wiiter would pass and 
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repass every stroke by the steam presaiig on the surface of the 
water iu the steam- vessel, 

" This would not need an eng^ne-hoiise or beam. The whole 
could be fixed complete (boiler excepted), of the power of tbe 
Watt 63-tnch double, for 2501. or 300/., because « 20-iiicli 
phuiger-pole would give that power, 

"By this plan the expansive steam might be used. WouU 
the steam un the surface cif the water heat it above the boiling 
point, and then imbibe heat and again discharge it, as the pre»- 
sure of the steam is thrown on and off, or would it not answer to 
put a float of TOrk on the water ? 

"By this plan the packing could be kept tight with any 
pressure. 

"The heavy rods would take the advantage of the expan- 
sion of strong steam, and I cannot see but that the en^ne 
would be manageable with 3-inch valves, wliich would be easily 
worked. 

*' The whole expense of the machine would not exceed 
1000/. for a power equal to a 63-incli double-power engine of 
Watt. 

" I remain. Sir, 

■* Your very humble servant, 

" Richard Trevithick." 

Witliin a week from the trial of the simple vertical 
w rought-iroii boiler with fire iu the tiilie, he had de- 
signed and was putting into execution au entirely new 
boiler, composed ol" numeroiis tubes, and giving steHin 
of 200 lbs. to the iiicli. ' ■ 

To avoid the losa of power by loss of heat wliich had 
been observed in the recoil arm, he thought of forcing 
water through it in lieu of steam ; but to make it more 
inteUigible to his friends, lie applied tlie idea to one of 
his pole-engines. 

The following letters give indications of experimentf! 
with various forms of tubular boilers: — 



I 
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" HeaU TrEVITHICK, -TBlBitt*, Dwrn*-.- Sljf. W15. 

"I have reallr been aaeagj on one point Hinee I saw 
your tftigine at Herland, utd that in respect to the laisutg of 
ffiiJScient steam. There is wiiboat doabt 9n£<neDt sarface. bat 
then a great part of the long tubes wili be remote from the fire, 
and ronaeqnently, I fear, of bnt Httie power for raising steam. 
I should very much have preened sang Cdut 
or five sliorter fabes arranged in tluH manner, f O __^ V\ 

" It is difficult to give any reason for the 
greater power of fire applied in this manno', 
bnt there seems to be no reason tor doobtti^ 
the fact. 

" Kg alteration can, hoverer, now be made, and I shall wait 
with much anxiety for an account cf the engine's performance. 

'■ You will not forget the Geotogieal Society. I am not even 
desirous of beautiful or costly specimena. Wliat I request is 
that you will furnish Ui with flam[des of the different couolriea 
producing the silver ore, and specimens of the lodes in tlieir 
bulk and in depth. I ehall leave Tredres on suoie day of tlie 
second week in January; but it may be as well U' dinnH to me 
here, as I Rhall leave directions with the Post Oflice at Muru- 
zion about forwarding my l^ten. 

'' Yoora, ever moat fiuthfolly, 

" Davieh Giddy." 




Mr. Davies Gitldy's sketch is verj' like tlie fixing of 
I tubes in modern locomotive fire-boxes ; liis words <Jo 
[ not fully explaiu bis views. My friend and railway 
I companion in work, tbe late Mr, Henry Booth, lia« been 
' called the inventor of the tubular U>iler, ii.sed in Stcpheti- 
Bon's trial locomotive, the 'Rocket,' in I82!t ; while 
Trevithick and the Predderit of the Royal Society 

I freely corresponded on the principles of such IfoiJcra 
and their practical coostractiou fifteen yearn before, 
when they were not only used with Inglier prexaiire 
Bteam tlian Booth dreamt of, but were a!»o palcnicd. 
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" Mb. Gii>DY, " Uebi-and, ZrJ Jatiuanr, Idle. 

" Sir, — I Lave your favour of the 30tii December. Tflu 
are mistaken in calculating the tubes as not bflving bo modi 
fire cipoeed to them as in the usual way. The fire-plaoe ■ 
G feet 9 incb&s wide, and 8 feet long, aud the two tubes have 
nearly two-tliirds of their surface, a* the Hue coj^es in a gK*t 
way above the centre of the tubes. There will he about 96 feet 
exposed immediately over the fire-place. The surface of the- 
fire is 54 feet, which is as much as is usually given in the largest 
engines. 

"All the remainder of the heat, in the old war, ia giren 
through the Bides of the boiler, wheu passing round petpen- 
dicular fiues; but in this way the fire, after it has pa^ed the 
fire-place, will descend to ihe lower end of the tubes, and give 
beat that will ascend instead of going horizontally, as is t)ie 
usual way of perpendicular flues. 

" If you leave home beforii the engine works, I will write to 
you every particular. If I do not chance to see you again 
before I leave lHurope, I shall not forget to furnish you with 
information and specimens from America. I did not recollect 
to inform you when at Herland that the Foxes' engineer was 
here the day before you were, and said that he had worked a 
model about a week before with water, in the same way as 1 
first proposed, and that the water did not get ao hot aa con- 
densing water iu four hours' working ; neither did it escape, hnt 
worked esceeduigly well, and far beyond any other eugine. 
" I remaiu, Sir, 

" Your very humble servant, 

" Richard Trevithick.^ 

The resulis of these ex|X!riment8 for using water as a 
medium for conveying motion anJ reducing the amount 
of loss of steam and heaf in the ordinary steara-engine, 
are not traceable. 

His use of a screw for causing a draught in the chim- 
ney, In the fourth clause of the patent, where from the 
cluiriicfer of the engine he could not apply his former 
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m-blast, has beeu taken by 



. proof that 



some 
TrevitLick liaJ user) the steam-blast without under- 

I standing ita vahie, when in truth it was only an addi- 
tional proof of his inventive resources and power of 
Working, not only with the blast but also without it. 
in 



Propelling Vessels, ifc. Glh June, 1815. 



"Instead of a piston working in the main cylinder of tbe 
i?ngiue I do use a plunger-pole similar to those employed 
in pumps for lii'tiug water, and I do naake the said plunger-pole 
nearly of the samo diameter as the working cylinder, having 
only space euongli between the polo and the cylinder to prevent 
friction] or, in case the ateam is admitted near the stuffing box, 
I leave sufficient room for the steam to pass to the bottom of 
the cylinder, aud 1 do make at the upper end of the cylinder, 
for the pluHger-poIe to pass through, a stuffing bos of much 
greater depth than usual, into which staffing box I do introduce 
enough of the usual packing to fill it one-third high. Upon 
this packing 1 place a ring of metal, occupying about anutlicr 
'.third part of the depth of the stufBiig bux, this ring having a 
iircular groove at the inside, and a hole or Iioles through it 
.communicating witli the outside, and with a hole through the 
'aide of the stuffing box; or, instead of one ring containing a 
groove, I sometimes jilace two thinner rings, kept asunder by a 
number of pillars to about the distance of one-third of the 
depth of the atuffing box, aud I pack the remaining space 
above the ring or rings, and secure the whole down in the usual 
manner. The intention of this arrangement is to produce the 
effect of two stuffing boxes, allowing the space between the two 
^stuffings for water to pass freely in from the boiler or forcing 
immp through a pipe and through t)ie hole in the side of the 
stuffing box, so as to surround the plunger-pole and form the 
ring of water for the purpose of preventing the escape of steam 
by keeping up an ertuilibrium between the water above tlie 
lower stuffing and the steam in the cylinder. By tliia part of 
my said hivention I obviate the necessity of that tight packing 
which is requisite when steam of a high pressure is used, and 
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conaeqiipiitly I avoid a gruater proportion of the usual C 
because a mtv rawJeritte Jegree of tightness in the [nLcldiigil 
quite sufficient to prevent the passage of any injurious quaUtitf 
of 80 dense a ittiid as water. And I do further declare lliati 
use tlie piutiger-]iole, working in a cylinder and tbroujtfa ■ 
double stuffing, either with or without a condenser, according to 
the nature of the work which the steam-engine is to perfonu, 

"The second part of luy said invention consists in cauang 
steam of a high temperature to sfmnt out against the atmo- 
sphere, and by its recoiling force to prodnce motion in a direc- 
tion contrary to the issuing steam, similar to the motion pro- 
duced in a rocket, or to the recoil of a gun. The mode vi 
carrying this into effect will be readily understood by sop- 
- posing a guii-biirrel to be bent at about a quarter of its leoglb 
from the muzzle, so that the axes of the two limbs shall be al 
right angles to each other, and the axis of the touch-bole at 
Hght angles to the axis of the short Hmh, or the Itmbs con- 
taining the muzzle ; then in the top of n boiler suitable to tie 
raising steam of a high temperature make a hole, and insert the 
muzzle of the gun-barrel into that hole, so that t!ic gun-barrel 
may revolve in the hole steam-ti^jhl, aad let the short limb of 
the gun-barrel be supported in a vertical position by a collar, 
which will permit the breech of the gun-barrel to describe a 
horizontal circle, the touch-hole being at the side of the barrel. 
If steam of a high pressure be then raised in the boiler, it vrill 
evidently pass through the gun-barrel and sj»ut out from tlie 
touch-hole against the atmosphere with a force, greater or leas, 
according (o the strength of the steam ; and as (he steam is 
also exerting a contrary force against that part of the breech 
which is opposite to the touch-hole, the barrel will recoil, and 
because the other end is confined to a centre, the breech end will 
go round in a circle with a speed proportionable to the pres- 
sure given, and may readily be made to communicate motion to 
machinery in general. This simjde form of my inveiitioii is 
given merely to convey to the mind n clear idea of its nature; 
but in practice 1 do make the revolving limb, whicii for the 
sake of distinction I call the arm, much greater in its horizontal 
breadth than in its perpendicular thickness, in order tliat tlie i 
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apiii may meet witli but little resistanee from the fiurrounding 
medium (himv its revolatiun, and I do introduce between the 
muzzle of the barrel and tho boiler a st«am-pipe with a cock or 
■valve for the piirpoae of occasionally stojipinjr the passage of the 
Bteain, and thereby preventing the motion of the iirm, witliout 
wasting or Inweriug the pressure of the steam i[i the boiler, rs 
well as to regulate the speed of the ajni by allowing more or 
less steam to [Miss through it ; and I do attach another arm of 
equal weight with that first ascribed in ad opposite direction 
from llie centre of motion to equalize the centrifugal force, and 
also by acting as a balance to avoid the great friction which 
would otherwise take plane between the barrel and tlie sup- 
porting collar. I ilo also construct this improvement with two 
or more arms, having similar perforations aud apertures for the 
steam with the arm first above described, and I do, when mure 
convenient, place the axis of revolution horizontal, or even in- 
clined, instead of vertical ; and I do sometimes make the com- 
municAtioo from the steam-pipe into the middle of the sup- 
porting collar, and from thence into the barrel, through a hole in 
that part which turns in the collar, making a groove round the 
inside of the collar opposite to the hole in the barrel, or a groove 
round the Ijarrel opposite to the hole in the collar, in order to 
allow the steam free passage during the whole of the revolution ; 
and I do make the aperture through which the steam is to 
spont capable of being increased or decreased in its dimensions 
by means of a sliding piece, marked with a screw, in order to 
apportion the size of the aperture to the strength of the steam, 
the size of the boiler, and the work to be performed. In cases 
where great speed is required, the revolving arms should be 
made short, and applied immediately on the asis of motion, 
without the usual intervention of multiplying wheels. It is un- 
necessary to mention any more variation of the mode of 
carrying this second part of my invention into effect, since I 
claim as my invention the various forms of causing steam of a 
high pressure to pass from a boiler tlirough one or more per- 
forated revolving arms, and to spout out against the atmosphere 
from an aperture at the side, near the extremity of the arm or 
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" The third part of my inveotioQ constste in cftusing steam of 
a high teiuperatiire to act upoii water,aDd that water to operate 
upon or under a piston, without permitting the steam to ciune 
in contact with the piston ; by this contrivance, also, I ohmtA 
the necessity of that tight packing which is repaired when 
steam of a high temperature acts immediately on a jiiston. To 
eflfect this purpose I use two vessels, standing side by ade, 
which, for the sake of bearing high pressure, I make of a 
cylindric form, closed at the bottom, but connected at tlie lower 
part by a tube. One of these cylinders, which I call the ateam- 
vessel, liHS a close cover, iuto which arc inserted a steam-pi[>e 
and a discliarging pipe, and in each pipe there is a valve or 
cock. The other vessel, which I call the piston-cylinder, is 
furuisheii with a piston, the rod of which may be attached to a 
pump or other machinery. To put this appanitus iuto opera- 
tion the piston is to be placed in and near the bottom of the 
piston-cylinder, and the steam-vessel filled with »at<*r; then, 
the discharging valve being shut, and the steam-valvo opened, 
the steam will pass on the surface of the water, or upon a piece 
of cork or other substance floating on the surface, and by that 
preasiire force the water down to the lower part of the ve^tO. 
through the tube, into the bottom of the piston-cylinder, and 
drive up the piston, without admitting any steam to pass ont of 
the steam-vessel iuto the piston-cylinder. As soon as the steam 
has arrived near the orifice of the tube the steam-valve is lo Iw 
shut and the discharging valve openetl ; the steam will then 
escape thioiigh the discharging pipe, and allow the piston lo 
descend by its own weight, and drive the water back again into 
the steam-vessel, and by that means make a eomplote strufce, 
which may be rej^ated as ofteu and with as much force as the 
size and construction of the boiler will supply the reijniaite 
quantity of sttiam. By the alternate passage of the same water 
from one cylinder to the other the water may be kept nearly 
to boiling heat, and consequently tljere will be no cotiaiderablu 
condensation of the steam on its coming in contact with the 
water; and, if tJie little condensation which will tak<; pWe 
should add to the quantity of water in the vessel, tliat extra 
quantity may be ejected at every stroke through a pijx 
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Kgulafiog cock commiiniL'afing with tho piston-cylinder. A 
double eugiDe is to be constructed by using two steam-vessels 
with their valves, to force water alteroately on eacli side of the 
jiistou, in wiiich case the piatoii-cy Under must be closed at the 
top, and the piston-rod worked tlirough a stuffing bos, in the 
usual way ; or the steaia-vessels may be applied to force water 
liltemately under two single pistons, working in cyliuders open 
at the top, to produce the effect of a dtjuble engine. And I do 
further declare that thiy part of my said invention is not 
capable of being naed with a condenser, tjecause the water in 
the Bteam-vessel would, if exposed to a vacnum, evaporate into 
the condenser, and destroy the vacuum. By lengthening the 
pipe of communication between the steam-vessel and piaton- 
cylinder the power of this engine may bo conveyed to a 
great distance from the boiler, without intermediate beams 
or eounoctiug shafts. And I do further declare that, although 
I have described this part of my said invention as acting 
with a piston in the piston-cylinder, I sometimes use the 
plunger-pole, working through a double stuffing box instead of 
a piston. 

" The fourth part of my said invention consists in interposing 
the steam-vessel of the third part between the boiler and re- 
volving arms described in the second part, so that, instead of the 
steam passing into the revolving arms, it shall pass on the sur- 
face of the water in tlie steam-veasel, and force the water 
through the arms and out at the ajieriures near their extremi- 
ties against the atmosphere, and produce the revolution of tlie 
arms with more or less velocity, according to the strength of 
the steam ; iu this case, also, when the steam has forced nearly 
all the water out of the vessel the steam-valve must be shut and 
the discharging valve opened for the steam to escape, and at 
the same time another valve or cock opened for the purpose of 
letting a fresh portion of water from a reservoir into tlio aleani- 
vessel, when the steam is again to be admitted from the boiler, 
in order to force the water through the revolving arm or arms, 
The arms should bo enclosed in a case, to prevent the stoam or 
water being tbmwn at a distance, to the annoyance of the by- 
standers, the bottom of which case may become tho reservoir 
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for GU[i)klviug water to the Ixuler and steam-veasel. Tlie t*^i rf 
the steam- vi-8sel slionld be ]ilace<l at a lower level than Utt 
bottom of the reservoir, in order that the water may flow into 
the steam-veseel when the coiumuoication from the boiler is ru 
dR* and thi^ steam discliat^ed. Various modes of openiu^ aixl 
Bhiitting the uocks or valves are bo roiamouly known to all 
persous cutiverBaut with steam-engines, tliat a descripticm i4 
them is quite unnecessary. This fourth part of uiy said inven- 
tion is in some res|>ect6 similar to the contrivance described in 
many books or machines by the uamc of Barker's SCill ; but in 
Barker's Mill no greater pu\(er cau be obtained tlian what 
arises from the perjiendieuliir altitude of the reservoir or heati 
of water akrve the place where it spouts ont from the re\-oIvini 
arms, whereas in my iuvention the water acted npon anif 
driven out by steam of a high pressure, which is well known In 
pass through tubes with very little friction compared with 
water, a much greater ix)wer will be obtained from the same 
quantity of water ; and as the water, after it has passed throngh 
the revolving arms, may be made to flow back again into the 
steam-vessel, to be driven througli tlie revolving arms by a suc- 
ceeding portion of steam, a small quantity of water may he 
made to work the engine a long time. By putting flat pUtes 
or leaves upon the revolving arms within the case I produce a 
current of air in the manner of a winnowing machine for blow- 
ing the Are, and I do sometimes place in tlie flue a screw or set 
of vanes, somewliat similar to the vanes of a smoke-jack, which 
screw or vane I do cause to revolve, by couneclii-n with the 
steam-engine, for the purpose of creating an artificial draught 
in the chimney, always proportioned to the size of the fire-place 
and situation of the chimney. By either or both of these means 
I obviate the' necessity of a tail chimney when the engine is 
used for portable purposes. 

"The fifth part of my said invention, and that which comes 
under the second part of my title, consists of a mode of pro- 
|)elling, dniwiiig, or causing, ships, boats, and other vessels to 
pass through the water, which purpose I effect by constnicting 
a worm or screw, or a number of leaves placed obliquely round 
an axis, similar to the vanes of a smoke-jack, which w( 
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screw, or vane shttll be made to revolve with great speed, 
having the axis in a line with the required motion of the ahij), 
boat, or other vesseJ, or pamllel to the same line of motion ; the 
obliquity of the thread of the worm, screw, or leaves, admits of 
considerahle variety, acrordiug U> the degree of velocity given 
to it and speed reqiiireil, and according to the i)oner with which 
it is driven, but as a general medium I by preference contrive 
that the thread of the screw at its outer edge shall make with 
its axis an angle uf about thirty degrees. This worm is in some 
cases to revolve in a fixed cylJTider, in others to revolve to- 
gether with the cylinder, similar to the screw of Arcliimedes, 
but generally to revolve in the water without any cylinder sur- 
rounding it. This worm or screw may be made to revolve in 
the water at the head of the ship, boat, or other vessel, or at 
the stern, or one or more worms may revolve on each side of 
the vessel, as may most conveniently suit the pecniiar naviga- 
tion on which the ship, boat, or vessel is to be employed. In 
some cases when the s<!rew is to work at the head of a ship, it 
is to be made buoyant, and move on a universal joint, at the 
end of an axle, turning in the bow of the sliip, in order that 
tlie screw may accommodate itself to the nnevenness of the 
Faves, And I do further declare that, in order .to make the 

liler of a high-pressure steam-engine of very light materials 
for portable purposes, and at the same time strong for re- 
sisting the pressure, as well as for exposing a large surface to 
the fire, I do construct the said boiler of a number of small 

irpendicular tulies, each tube closed at the bottom, but all 
ming at the top into a common reservoir, from whence 

ley receive tlieir water, and into which the steam of all the 

ibes is uniled. 

' In witness whereof, I have hereunto set my hand and neal, 
this Twentieth day of November, in the year of our Lord 
One thonsaud eight hundred and fifteen. 

"KrCHAHD (l,S.) TnEVITHHK." 

T)ie variety and extreme ifinge of inventiorifi made 
nown in this patent speciiication cannot be otlier tlian 
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superficially spoken of in this chapter, inehiding, as 
they do, niultitTibiilar boilers, expansive high-pressure 
steam, the screw-pmpeller, and the recoil engine. 

The absence of a drawing ilhistrating his claims is 
to eonie extent made good by refereuce to other draw- 
ings. Claim 1 is for an application of the ]K>le,— 
either in a puffer or vacuum engine, shown in Wheal 
Prosper drawing, chapter xix., — to marine purposes, 
modified if necessary by the water medium of com- 
municating power in Claim 3, shown in Trevithick's 
sketch, page 371. Claim 2 is for the recoil or rotary 
engine, sketched by Trovithick, page 304, worked by 
the rush of strong steam against the atmosphere, or 
by the water medium described in Claims 3 and 4. 
Claim 5 is for the famous screw-propeller, descrilied in 
Trevithick's letter, page 348, and includes the no leas 
famous multitubular boiler, as sketched by Trevitliick, 
page 370 : as the customary puffer-engine blastrpipe 
could not be applied, draught was prodiiced by a screw 
in the chimney. 
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